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I N1RODUCTION 
One of the problems confronting the range administrator or 
ranch manager in making sound grazing management decisions is lack 
of detailed knowledge about the growth and development of herbage 
grasses. It  is important to know how the desirable grass species 
in a particular area will respond to the time and frequency of har­
vesting in order to formulate a grazing management plan that will 
permit maximum sustained l ivestock production while maintaining or 
improving the species composition and the vigor of the important 
forage plants. Taller and more palatable grasses are replaced by 
shorter grasses as grazing intensity is increased; thus, foliage 
production per acre is reduced. Western wheatgrass (Agropyron 
smithii Rydb.),1 which is one of the most important range grasses 
1 
in the northern Great Plains, is a hardy, cool season, perennial 
sod-forming grass with relatively abundant rhizomes. I t  is usually 
intermixed with blue grama and buffalograss and is adapted to a wide 
range of soils. It thrives in loams to heavy clay, often with a 
claypan or somewhat alkaline. Western wheatgrass furnishes excel­
lent forage for cattle and horses throughout the year. It has high 
nutritional value during the early part of the growing season and 
is particularly valuable for early spring, late fall and winter 
grazing (Weaver and Albertson, 1956). 
1Botanical and common names of the plant species discussed 
are presented in Appendix Table 1. 
Results of earlier studies iii western South Dakota by Black 
et al. (1937) , Johnson et al. (1951), and Lewis et al. (1956) have 
shown that foliage production of western wheatgrass is reduced as 
grazing pressure is increased. Other studies on the northern Great 
2 
· Plains near Miles City, Montana by Reed and Peterson (1961) and 
Houston and Woodward (1966) have found that length am leaf number of 
western wheatgrass is reduced as grazing pressure is increased. How­
ever, these studies did not report the carbohydrate reserves in the 
rhizomes, the changes in the height of the apical meristem during the 
growing season, or the influence of emergence date on shoot length 
ard leaf number. Knowledge of ·the patterns of growth and development 
of the key management species at various times throughout the growing 
season is important in the preparation of a grazing management plan. 
The objectives of the study conducted at the Cottonwood Range 
Field Station and reported herein were to determine (1) the effect 
of range site and range condition on: time of shoot emergence, shoot 
length and leaf number, rate of length increase and leaf development, 
proportion of shoots producing seedstalks, shoot and leaf condition 
at various observation dates, height ard location of the apical 
meristem, and total available carbohydrate (TAC) concentration in 
rhizomes of western wheatgrass; and (2) to determine the effect of 
emergence date within each range site or range condition category on: 
shoot length and leaf number, shoot and leaf condition, and seed­
stalk production. 
3 
LITERATURE REVIEW 
Growth and Development of Grasses 
The responses of individual plants to harvesting were reviewed 
recently by Jameson (1963) , and the influences of grazing and clipping 
on plant succession of rangelands were reviewed by Ellison (1960). · 
In  general, as the intensity of harvest increased, total forage pro­
duction decreased; botanical composition changed from taller, more 
productive to shorter, less productive species; plant form was 
changed; plant size, root growth and weight and seedstalk production 
were reduced. Earlier studies.in southwestern South Dakota (Black 
et al., 1937) and in west-central South Dakota (Johnson et al., 1951 
and Lewis et al., 1956) showed that western wheatgrass production was 
greatly reduced by heavy grazing. 
General growth and development of herbage grasses 
Hansen et al. (1931) measured the growth and development of 
western wheatgrass at weekly intervals throughout the growing season 
on a foothill range west of Fort Collins, Colorado. Growth began in 
the latter part of March. Growth was the most rapid during April and 
May except during mid-May when the growth rate was retarded due to un­
seasonably low temperatures. Most of the height growth was completed 
by mid-June, and most of the seedstalks were produced during June. 
Growth of western wheatgrass was chiefly affected by temperature and 
soil moisture. Temperature was the primary factor that determined the 
time growth began in the spring. Temperature also influenced the 
rate of growth, particularly during the early part of the season; 
i.e. ,  the latter part of March, April, and the first part of May. 
4 
Bredemeier (1958) observed that growth of western wheatgrass 
began during early March in central Nebraska. The most rapid period 
of growth was between May 2 and July 1. The rate of growth declined 
early in July, and elongation essentially stopped by mid-August. He 
also observed that the oldest leaves were damaged by freezing tempera­
tures. The newest or the rolled center leaf was rarely affected ex­
cept for a gradual slow browning starting at the tip. 
Love and Hanson ( 1932) o·bserved and recorded the growth of 
. crested wheatgrass and smooth brome seedlings in a greenhouse at the 
North Dakota Agricultural Experiment Station. These species were 
planted at various depths from 1/8 inch to 3 inches. Measurements 
were made at the end of 10, 17, 24, 31 and 45 days. Their results 
showed that the most rapid height growth was during the first 17 days 
after emergence. 
Clark (1945) studied the variability in the growth of several 
species found on mountainous summer ranges in the I ntermountain re­
gion of central Utah over a 4-year period. These species were: 
crested wheatgrass, bluebunch wheatgrass, slender wheatgrass, moun­
tain brome, smooth brome, Indian ricegrass, Kentucky bluegrass, and a 
needlegrass (Stipa spp.). He found that lack of constancy in growth 
form was the rule rather than the exception for forage plants grown 
under range conditions. Variability in growth form was related to 
seasonal weather conditions, density of the stand, previous grazing 
treatment, available moisture and mineral nutrients, and other site 
factors. 
5 
Dwyer and Hutcheson (1965) studied the growth and development 
of four True Prairie grasses near Stillwater, Oklahoma. The species 
used in this study were big bluestem, little bluestem, yellow Indian­
grass, and switchgrass. Twenty plants of each species were selected 
for the study and the growth changes were observed periodically 
throughout the growing season. Average plant height, leaf length, 
leaf width, and stem diameter were measured. Both big and little 
bluestem began growth about the ·same time (April 3), but growth of 
.big bluestem did not cease until July 16; whereas, little bluestem 
ceased to grow by mid-June. The rate of growth of yellow I ndiangrass 
was much like that of little bluestem. The growth of switchgrass was 
similar to that of the other species until May 15; after which it 
grew much faster than the other three species. 
From a study at Palmerston North, New Zealand, Wilson (1959) 
found that the mean number of leaves at the time of seedhead emergence 
from perennial ryegrass, Italian ryegrass, cocksfoot (orchard grass) , 
and timothy decreased with shoots which emerged later in the season. 
Scott (1961) grew fescue tussock, silver tussock, and blue 
tussock in controlled climate cabinets at Palmerston North, New 
Zealand. The youngest leaf from each shoot was marked with a numbered 
jewelers tag and the distance from the tip of the leaf to a metal 
ring in the ground at the base of the shoot was measured (accuracy of 
i 1 mm). The leaves were measured at 3-day intervals. Even in a 
constant environment where conditions of temperature, moisture, nu­
trients, and light were uniform, the growth rate of the plants was 
found to vary with time. Thus, fluctuations in the growth rate of 
.certain grasses may occur even when the environment is uniform. Un-
6 
der optimum conditions, the average growth rate of the youngest leaves 
in the three species was in the range of 0 . 7-1.5  cm per day. 
Using the youngest leaf on each shoot, Williams and Biddiscombe 
(1964), in Australia, measured the growth of Hardinggrass, reed ca­
narygrass, and reed fescue mechanically by attaching l ightweight 
chains to the tips of the newly. emerged leaves and connecting these 
chains to a graph plotting device on a rotating drum. Magnified growth 
movement was recorded on the rotating drum. Height growth increases 
varied considerably between shoots arrl showed fluctuations which could 
often be correlated with temperature fluctuations. Almost always, a 
positive growth response occurred with longer periods of relatively 
high temperatures. The high growth rate during cloudy periods elimi­
nated light energy as a limiting factor for elongation of new leaves 
under these conditions. 
The influence of clipping .Q.!} the elongation of grasses 
Ellison (1960) reviewed the effect of clipping on the produc­
tion of herbaceous forage species. 
Whitman and Helgeson (1946) clipped western wheatgrass plants 
at heights of ½ inch, l½ inches, and 3 inches above the soil surface 
7 
at monthly intervals from mid-June through mid-September. This study 
was conducted for seven years in southwestern North Dakota. · Average 
height growth of the vegetative stems decreased as the closeness of 
the clippings increased. The average growing season height incre­
ments were 22, 25, ard 27 cm at ½, l½, and 3 inches, respectively. 
Seedstalk production was very low under all clipping treatments. 
Robertson (1933) studied the effect of frequent clipping on 
the growth and development of Kentucky bluegrass, blue grama, prairie 
Junegrass, porcupinegrass, smooth brome, and sudangrass near Lincoln, 
Nebraska. The other grasses were clipped at 1. 5 cm. As soon as the 
clipped plants reached sufficient height for grazing, tillers were 
counted and the tops were clipped, measured, ard weighed. All of the 
species responded to clipping with a reduction in yield, root develop­
ment, number and height of new tillers, number and width of leaves, 
and number and length of roots. 
At the United States Sheep Exr:eriment Station near Dubois, 
Idaho, Blaisdell and Pechanec (1949) clipped bluebunch wheatgrass to 
ground level on eight groups of plots, clipping a different group at 
each of eight dates. An additional group was used as an unclipped 
check. The effects of the clippings were measured the following year. 
In general, all clippings reduced the following year's herbage and 
seedstalk production and average leaf height. The greatest reduction 
was from clippings made in late May and early June. The reduction 
from later clippings was progressively less and the effect of the late 
fall clipping was slight. Their results indicated that complete 
herbage removal of bluebunch wheatgrass was most injuri?us after the 
date when substantial regrowth was impossible and before maturity. 
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Albertson et al . (1953) studied the effect of various intensi­
ties of clipping for six years on the growth of blue grama and buf­
falograss in west-central Kansas. Their clipping treatments included: 
(1) unclipped, (2) lightly clipped every 6 weeks to a height of 2 
inches, (3) moderately clipped every 4 weeks to a height of 1.5 
inches, (4) heavily clipped every 3 weeks to a height of 1 inch, and 
(5) complete removal of all growth every 2 weeks. At the close of the 
first season after clipping was discontinued, an average maximum 
height of 9 . 9 inches was produced by buffalograss on the unclipped 
area. The increment was 6 . 9  inches on the lightly clipped area and 
only 4. 4 inches on locations where complete herbage removal was made. 
On the unclipped area, blue grama had an average foliage height of 
11. 2 inches. Length of foliage on the moderately clipped area aver­
aged 5 . 7 inches. On the heavily clipped area, no flower stalks were 
produced and the foliage grew to a height of only 4. 9 inches. Fur­
thermore, the leaves of both species became definitely lighter in 
color, shorter in length, and more sparse and slender under close 
clipping. Even the flower stalks on both species were shorter and 
more slender on the closely clipped areas. It  was significant, how­
ever, that closely clipped grasses remained more succulant arrl higher 
in protein when compared with lightly clipped or unclipped grasses. 
The influence of grazing intensity Q.Q the elongation of grasses 
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Short and Woolfolk (1956) in a 3 year study at the U. S. Range 
Livestock Experiment Station, Miles City, Montana, showed that there 
was a direct relationship between height of western wheatgrass plants 
and range condition. They compared plants subject to grazing with 
those protected from grazing by clumps of plains pricklypear in pas­
tures in good and in poor range condition. All measurements were made 
on ungrazed shoots. The mean maximum height of protected plants was 
17.7 cm compared with 16.0 cm for unprotected plants in the pastures 
in good range condition. Although significant, this difference was 
small. I n  the pastures in poor range condition, the mean maximum 
height of the protected plants was 17.7 cm compared with only 12.9 cm 
for the unprotected plants, a reductio11 of 27%. These findings 
showed that plant vigor, as expressed by plant heights, varied with 
range condition, with protection afforded by plains pricklypear, and 
with yearly precipitation. 
From studies made on the same pastures near Miles City, Reed 
and Peterson (1961) reported that growth curves of western wheatgrass 
and blue grama were shorter throughout the growing season in the 
heavily grazed areas. In  some instances, growth of the grasses 
stopped one to two weeks earlier under heavy than light or interme­
diate use. Differences in leaf heights were found, in some cases, to 
be the most consistent response to differences in grazing pressure. 
The number of leaves per shoot was less (P <.05) in the heavily grazed 
summer pasture than in the lightly grazed summer pasture. 
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Houston and Woodward (1966) working with western wheatgrass 
plants in the same lightly, moderately, ard heavily grazed pastures 
near Miles City, Montana, found that growth curves of plants on up­
land sites were significantly affected by differences in the average 
stocking rates. As the growing season progressed, height growth pro­
gressively differed between the three stocki� rates. During April 
and the first half of May, height growth was rapid. After mid-May, 
growth was much slower. Growth ceased in the heavily grazed pasture 
about June 6, but continued longer in the lightly and moderately 
grazed pastures. 
Weaver and Darland (1947) transplanted small blocks of sod of 
sand dropseed, sideoats grama, Scribner panicum, and tall dropseed 
from heavily and moderately grazed pastures to wooden boxes 10 x 10 
inches in inside dimensions in a greenhouse. The tops were removed 
and new tops and roots were grown during periods of four to six weeks. 
They found that the height and weight of the new growth of each spe­
cies was much less in the blocks from the heavily grazed pasture. 
Tomanek and Albertson (1953) studied the effects of different 
intensities of grazing on the growth of big and little bluestem, 
sideoats grama, yellow Indiangrass, ard switchgrass on moderately and 
heavily grazed pastures and on an ungrazed relict area near Hays, 
Kansas. With one exception (sideoats grama), height was inversely 
proportional to the grazing rate. This effect was particularly ap­
parent among the tall grasses. For example, switchgrass plants in 
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the non-grazed area averaged nearl y twice the height of the plants in 
the heavily grazed pasture. Furthermore, the number of stems counted 
per unit area was greater in the ungrazed relict . The amount of mulch 
in the relict area was twice as great as in the heavily grazed pas­
ture. 
Johnson (1956) found that the average leaf length of blue 
grama, Arizona fescue, and mountain muhly on a pine-bunchgrass range 
in central Colorado consistently increased as grazing intensity de­
creased . In most cases, the grasses grew almost twice as tall under 
complete protection as they did under heavy grazing . Differences in 
plant height under the various grazing intensities also occurred be­
tween years, primarily because of wide differences in the annual 
precipitation received . 
Peterson (1962) measured the height of needleandthread plants 
four times during the growing season in pastures previously receiving 
no grazing (14-year deferment), moderate, and heavy intensities of 
use near Miles City, Montana . Plants protected f rom grazing for 14 
years were two or more times taller than plants f rom the heavily 
grazed pasture in their first year of protection . This difference was 
less under lighter degrees of past use and also decreased with con­
tinued rest from grazing . Length of the vegetative shoots was greater 
(P< . 05) during all five years of the study for the long-term pro­
tected plants than for those which had received heavy grazing . Even 
in the third year of protection, former heavily grazed plants were 
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still shorter than those which had been protected many years. 
Although many of the studies reported above were concerned 
with the effect of various intensities of grazing or the degree and 
frequency of clipping on grass growth and development, none of them 
studied the effect of date of emergence on the growth and development 
of herbage grasses under different intensities of grazing use. 
Apical Meristem Activity in Grasses 
The voluminous literature pertaining to the morphological 
characteristics of the apical meristem, or growing point, and its 
changes from the vegetative to ·the reproductive phase has been re­
viewed recently by Cutter (1965). However, very few studies·have 
been made concerning the position of the growing point of grasses at 
various stages of development and its response to different intensi­
ties of grazing. 
Morphology of the apical meristem 
The terminal growing point of the shoot, or the "vegetative 
point," is called the apical meristem or the shoot apex. The vegeta­
tive growing point of grasses ordinarily measures from 0.5 to 1.0 mm 
in length. The youngest and least differentiated of the cells at 
the extreme tip of the shoot form the promeristem. The primary meri­
stems are derived directly from the promeristem and give rise to the 
fundamental tiss�es of the shoot (Evans and Glover, 1942). Young 
leaves which initially develop as minute swellings on closely spaced 
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nodes, and later as folds which enci
.
rcle the shoot apex, are formed 
in two vertical rows along this axis. These folds grow into foliage 
leaves (Booysen et al. ,  1963) . Some regions of the apex are meri­
stematically much more active than others; leaf sites and the basal 
·(or organogenic) region of the apical dome are demonstrably more 
active than the cells near the tip or center of the meristem (Wardlaw, 
1957). 
Importance of apical meristem in grassland management 
Shoot apex development in grasses ard its importance in grass­
land management has been reviewed recently by Booysen et al. (1963) . 
Branson (1953) , working in the loess hills  of central Nebraska, 
measured heights of leaves, inflo'rescences and growing points of 
eight species of grass commonly found in the centr�l Great Plains. 
Wnen the gr\Jwing points were elevated more than one inch above the 
soil, they could be removed by grazing. When the growing point was 
removed, no new leaves were produced by that stem. After a shoot 
entered the reproductive phase, no new leaves were produced on that 
shoot. Western wheatgrass produced very few seedstalks, but the 
shoot apex reached an average height of more than 5 inches as early 
as June 9 ard a maximum height of 20 inches by the end of the summer. 
Branson concluded that the two morphogenetic features of a 
grass closely related to grazing resistance were (1) the time and 
duration of the �levation of the growing point above the minimum 
poi n t for gr a z i ng , a nd (2) the ratio of fertile 
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Booysen et al. (1963) suggested a third: ( 3 )  the capaGity for tiller­
ing. The greater (1) and (2) and the smaller (3 ) , the less resistant 
the plant will be to defoliation . 
Cook ano Stoddart (1953 ) ,  working with crested wheatgrass, 
found that if harvesting while the terminal bud was still relatively 
close to the crown removed any part of the developing culm below the 
uppermost node, then regrowth -- if soil moisture permitted -- came 
only from stimulated axillary buds at the base of the culm. If  
clipped above the last node, the shoot continued to elongate and 
develop. I f  the culm was cut between the seedhead and the uppermost 
node on the stem, then elongation of the culm continued but it re-
· mained headless. If the upper part of the head was removed, the 
remaining portion of the head developed. When plants were clipped 
below the leaf collars early in the season while the terminal buds 
were close to the ground, normal culms were produced, but leaves were 
entirely absent. A leaf blade grazed after it fully emerged from the 
sheath of the next lower leaf did not grow any thereafter. 
Teel ( 1956)  suggested that a semi-dormant condition of smooth 
brome often occurred in midsummer, induced by intensive defoliation 
of the shoots during a phase characterized by rapid vegetative 
growth, low carbohydrate reserves, an elevated apical meristem, and 
absence of new shoot growth from adventitious buds. The low tolerance 
to defoliation was due to destruction of the apical meristem before 
the initiation of adventitious bud development, which was considered 
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to require activation by translocated photosynthate. 
Vorster (1960) working in South Africa, expressed the opinion 
that the tolerance of Eragrostis curvula and Tristachya hispida to 
grazing was related to the low position of the growing point of the 
stems during most of the growing season. Themeda triandra was con­
sidered to be l ess tolerant to grazing because the growing point was 
elevated in early summer. These opinions were substantiated by 
Tainton and Booysen (1963) and Tainton ( 1964) who observed the changes 
in the position of the growi09 point of Themeda triandra and 
Tristachya hispida during the period of vegetative growth. 
Classification of grasses based .Q.!} position of the apical meristem 
Teel (from Hepner, 1961) classified grasses into two groups, 
those with jointed stems and those with non-jointed stems. Grasses 
of the latter type have their growing points at or near the ground 
surface during the period of vegetative growth so that the apical 
meristem is not readily removed by grazing or mowing. These include 
Kentucky bluegrass, blue grama, and buffalograss. I n  jointed-stem 
grasses, such as timothy, smooth brome and reed canarygrass, as the 
lowest joint completes its growth, the undeveloped segments are 
pushed up to a vulnerable height. I f  the grass is grazed or mowed 
below the growing point, further growth of that shoot does not occur. 
However, the plant can tiller from buds in the crown if there is 
enough moisture .and if the buds are sufficiently mature. I f  the 
shoot apex is removed while the basal buds are immature, temporary 
dormancy lasting a week or more may be induced even under good 
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growing conditions. Under dry conditions, dormancy lasts longer. It 
is probably an oversimplification to suggest that grasses can be 
divided into two large groups on the basis of their reaction to man­
agement (Booysen et al. , 1963) . 
Branson (1953) grouped grasses into three general classes 
based on location of the apical meristem and the proportion of re­
productive shoots to vegetative shoots. Classes I and I I  were based 
on the positions of the growing points of vegetative stems in rela­
tion to the soil surface. The group with growing points above the 
soil, Class I ,  included grasses that decreased under heavy use such 
as switchgrass, western wheatgrass, and big bluestem .  Grasses in 
Class I I ,  with growing points at or near the soil surface, were those 
that increased on ranges grazed intensively for many years and 
included Kentucky bluegrass, buffalograss, blue grama, sideoats grama, 
and prairie Junegrass. In Class I I I  most or all stems usually pro­
duced exserted inflorescences leaving very few vegetative culms. 
Grasses in this class, including little bluestem, Canada wildrye, 
stonyhills muhly, and Scribner panicum, generally decreased under 
heavy grazing. 
The studies reviewed above have shown the importance of the 
apical meristem, or growing point, in grassland management. They 
have found that the resistance of a grass to intensive grazing or 
clipping is related to the position of the growing point in that 
grass. On this basis, Branson (1953}  and Teel (from Hepner, 1961) 
classified grasses according to the position of the apical meristem 
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to the soil surface. However, no reports were found c.oncerning the 
effect of range site or range condition on the height am location of 
the apical meristem. 
The Effect of Season and Harvesting Q.!} Carbo hydrate 
Reserves in Grasses 
A review of the early work on carbohydrate reserves in herba­
ceous plants was published by Graber et al. (1927). More recent work 
on the carbohydrate reserves in the underground organs of grasses 
has been reviewed by Weinmann (1948) and Troughton (1957 ) .  The 
utilization of carbohydrate reserves in pasture plants after defolia­
tion has been reviewed by May (1960). Weinmann (1961} reviewed the 
applications by a number of workers in various countries of the 
method of determining total available carbohydrate (TAC) content of 
plants which he first published in 1947. 
Graber et al. (1927 ) defined reserves as "those carbohydrate 
and nitrogen compounds elaborated, stored, and utilized by the plant 
itself as food for maintenance and for the development of future top 
and root growth. " Weinmann ( 1948 ) defined reserve substances as or­
ganic materials elaborated by the plant and stored at certain times 
in the more permanent organs of the plant body, which are utilized 
later as a source of energy or as building materials. The most im­
portant reserve substances of grasses are sugars, dextrins, and 
starch. 
The term "total available carbohydrate" may be defined as 
those carbohydrates which can be used in the plant as a source of 
energy or building material, either directly or indirectly after 
having been broken down by enzymes. In most higher g reen plants 
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the bulk of available carbohydrates is composed of fructosans, glu­
cosans, or starch; whereas, hemicellulose and true cellulose act as 
structural material and cannot be utilized in the same way as the for­
mer (Weinmann, 1947 ) .  
Seasonal changes 
The general pattern of seasonal trends in carbohydrate storage 
is similar in all perennial grasses but is strongly influenced by 
climate and grazing. New aerial growth in spring draws on the carbo­
hydrate reserves stored in roots, rhizomes, and stern bases, result­
ing in a decrease in the percentage of these substances in the storage 
organs. Storage of reserves is, generally, most active in autumn 
unless secondary herbage growth takes place during this period. 
Losses of reserves occur during the winter months because of respira­
tion . The duration of the decline in reserves as well as the degree 
of depletion varies with climate and the individual species (Weinmann, 
1952). 
Aldous ( 1930) working in Kansas with little bluestem found 
that, in general, food reserves decreased during the first month of 
growth, May, but then increased in June, decreased in July, and in­
creased again f rom early August until the close of the season . No 
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explanation was given for the decline in food reserv�s during July. 
The decrease in food reserves during the first part of the growing 
season would be expected for it is during this time that the plant is 
making very rapid growth with insufficient leaf material to elabor­
ate food as rapidly as it is used. 
In California, Sampson and McCarty (1930) showed an inverse 
relationship between the annual accumulation of carbohydrate reserves 
in California needlegrass and the growth rate. Accumulation of food 
material was related to low or to declining growth rate and was most 
active near the close of the annual growth cycle. 
Results of an experiment conducted in Utah by McCarty (1938} 
indicated that 75% of the carbohydrate storage in mountain brome 
was used to produce not more than 10% of the total seasonal height 
growth of the plant. Thus, most of the normal growth and yield was 
independent of stored carbohydrates. Carbohydrate storage was in­
versely related to the rate of growth of the herbage. The highest 
concentration of sucrose appeared in both herbage and basal organs 
coincident with declining autumnal temperatures. 
Results of studies in eastern North Carolina by Lindahl et al. 
( 1949) showed a rapid depletion of food reserves in rhizomes and 
stems of switch cane between May 8 (first leaf stage) and June 6. 
After the third leaf stage (June 6) total available carbohydrates , 
accumulated in the storage organs until late October, then de-
clined through the winter and early spring, presumably due to 
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respiration. 
A study conducted by Hyder and Sneva ( 1959 ) in southeastern 
Oregon showed that carbohydrate reserves of crested wheatgrass were 
restored most rapidly in May prior to seedhead emergence in early 
June. Herbage growth began in mid-April. Duration of pre-flower­
ing vegetative growth may contribute to differences in the pattern 
of carbohydrate accumulation in grasses. Growing season trends in 
the total carbohydrate content of crested wheatgrass roots (with 
stem bases) appeared to be characterized by : (1) an early rapid 
increase until about the time of head emergence, (2) a moderate de­
crease at, or just prior to flowering, and (3) a final recovery 
during or just following seed formation to a level approximately 
the same as that attained by seedhead emergence. 
Weinmann and Reinhold (1946) studied the changes in reserve 
carbohydrates in South African grasses collected at various times of 
the year. Working with entire plants of Brachiaria serrata, Hyparr­
henia hirta, Themeda triandra, and Trachypogon plumosus, they found 
that total sugars and starch decreased in all four species in early 
summer and rose again in late summer and early autumn. The decreases 
in the percentage of sugars and starch during the early summer was 
probably due to the fact that dry matter increased more rapidly in 
amount than did these carbohydrates. Total sugars, as well as com­
bined sugars and starch, increased in the shoots of these grasses 
after flowering and decreased during maturation in  autumn and early 
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winter. 
McCarty (1935) studied the seasonal changes in carbohydrates 
in Colorado wildrye and mountain muhly in Colorado. He found that 
low concentrations in the stem bases, rhizomes, and roots of the re­
ducing sugars, sucrose, and starch prevailed during early phases of 
herbage growth and maximum levels occurred with the decline in growth 
rate at the close of the growing season. The variations in the 
starch were greater than those in the sucrose. The reducing sugars 
remained at a more or less constant level throughout the period of 
observation .  
Eastin et al. (1964) found that fructosan, which was assumed 
· to be the primary reserve carbohydrate in smooth brome, dropped 
sharply during the period of rapid vegetative growth. This was fol­
lowed by an increase in fructosan until seedhead emergence when re­
serves again dropped sharply. After seed maturity, reserve fructosan 
rose steadily during the remaining period of growth. 
Effect of clipping .Q£. grazing 
Biswell ard Weaver (1933) studied the effect of frequent clip­
ping on grasses. Their analysis of western wheatgrass showed that 
low yields were associated with diminished food accumulations in the 
subterranean organs. The lack of growth or poor growth of the tops 
was a direct result of low organic food reserves. 
Weaver and Bukey ( 1939) studied the effect of clipping on car­
bohydrate storqge in culm bases and roots of little bluestem and big 
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bluestem p lus the rhizomes of bi g bluestem. The number of clippings 
per year varied from two to six plus a control . The clipped grasses , 
without exception, had less water-soluble and water-insoluble hydroly­
zable material than the controls, indi cating that c lipping reduced 
reserve materials. 
Kinsinger and Hopkins ( 1961), working near Hays , Kansas, 
studied the carbohydrate reserves of underground parts of grasses as 
affected by c lipping. The species they studied were: blue grama, 
buffal ograss, big b luestem, and western wheatgrass . Three plots 
were used: (1 ) unclipped ; (2 ) moderately clipped every 3 weeks to a 
stubble height of 2, 3, and 7 inches, respectively , for the two short 
· grasses, big bluestem, and western wheatgrass; and ( 3) severely 
clipped every two weeks to a stubble height of ½, 1 ,  and 3 inches, 
respectively , for the same grasses . Samples of underground parts 
were removed to a depth of four inches monthly  during the growing 
season. Carbohydrates decreased in concentration in all treatments 
during periods of rapid growth and increased after seed formation, 
and/or when the plants approached dormancy. Roots of heavily  clipped 
plants consistently had less stored reserves than unclipped or moder­
ately cli pped plants . Largest storage of underground food reserves 
in western wheatgrass occurred during summer and midwinter when plants 
were mature or dormant , while the smallest storage occurred in October 
and May. Higher concentrations of reserve carbohydrates were present 
in the roots of the moderately clipped grass during both the fall and 
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summer storage period s  than in roots of the unclipped plants. 
Weinmann (1944) found in South Africa that, occasionally, 
certai n cutting treatments did not result in decreased percentages of 
carbohydrate reserves but merely in a reduction in the weight of the 
storage organs. The roots of some grasses con tained a higher per­
centage of reserve carbohydrates when cut nine times per season for 
two years than when cut only four times per season. 
McCarty and Price (1942) studied the effects of clipping and 
grazing on the growth and carbohydra te content of mountain brome and 
slender wheatgrass in central Utah. Twenty methods of clipping were 
applied to each species (all within one inch from the soil surface 
.unless specified otherwise) . The treatments used were : ( 1) five 
series of four plots each clipped once during the growing season ; (2) 
five series clipped twice during the season ; (3) five series clipped 
three times during the season ; (4) one series clipped eight times a t  
15-day intervals during the growing season ; (5) two series clipped 
th�ee times at 5-day intervals during the early part of the season 
only ; and (6) two series clipped to a height of 4 inches fro m the 
soil line a t  regular intervals during the growing period. They found 
that normal growth a nd yield of these species were made almost 
entirely by expenditure of carbohydrates manufactured currently. Of 
plants clipped during the growing season, those clipped twice and 
three times nearly equalled those clipped once in carbohydrate re­
serves. This indicates that quantity of carbohydrate reserves in the 
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plants at the end of the season is i nf luenced less by �requency of 
clipping than by time and degree of clipping . When cli ppings were 
made both frequently and closely, i . e . , to a height of one inch at 
15-day intervals, both yield and carbohydrate reserves were low . 
Results obtained from pastures moderately  grazed by cattle resembled 
those from p lots with comparable clipping treatments. The seasonal 
trend of carlx> hydrate reserves in plants under repeated grazi ng was 
markedly below that of the ungrazed plants, and at the end of the sea­
son (October 10) the total reserves of grazed mountain brome and 
slender wheatgrass plants were only 66 and 70%, respectively, of the 
reserves i n  ungrazed plants . 
Although results of the studies reported above have shown that 
seasonal changes occur naturally in the carbohydrate reserves of 
grasses, and that time and degree of harvest reduce carbohydrate re­
serves in  grasses, no reports were found concerning the effect of 
range site and range condition on the carbohydrate reserves of west­
ern wheatgrass. 
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DESCRI PTION OF THE EXPERI MENTAL AREA 
General Location 
The studies reported herein were conducted at the Cottonwood 
Range Field Station located on the northern Great Plains in western 
South Dakota midway between the Black Hills ard the Missouri River, 
75 miles east of Rapid City on U. S. highway 14. 
A grazing experiment was begun in 1942 to study the effects of 
three intensities of summer grazing use on cow and calf production 
and on the native mixed prairie vegetation (Johnson et. al., 1951 ; 
Lewis et.al., 1956). Since 1959 steers have been used in this graz­
irg experiment. Six replicated summer-use pastures are grazed heav­
ily (>60% use), moderately ( 45-55% use) and lightly (< 35% use) from 
mid-May to early November (Lewis et. al, 1965). 
Precipitation 
The average annual precipitation during the 55-year period, 
1910 through 1965, has been 15. 32 inches. Approximately three-fourths 
of the precipitation falls during the six-month growing season, April 
through September. May, June, and July are normally the wettest 
months of the year, ard November through February normally receive 
the least precipitation (Laskowski, 194 1) . However, during the 1964 
studies April, May, and June received the most moisture. As a rule, 
snow cover is not great . Precipitation during 1963 was 17 .4  inches, 
2 .1 inches above normal. Precipitation for the 1964 growing season 
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( April through September) was 13.85 inches, 1 .95 inche$ above nor­
mal . Precipitation by sampling periods from April through October, 
1964 is shown in Table 1 .  
Table 1 .  Precipitation at the Cottonwood Range FiG l,.d Station by 
sampling periods, April l to October 20, 1964 . l/ 
Sampling Dates Interval Days Amount, Inches 
April 1-15 15 0 . 34 
April 16-30 15 3 . 24 
May 1-14 14 1 . 24 
May 15-28 14 0 . 50 
May 29-June 11 14 2 . 30 
June 12-25 14 3 . 38 
June 26-July 13 18 0 . 93 
July 14-22 9 .  o . oo 
July 23-Aug . 7 16 0 . 21 
Aug . 8-Aug . 23 16 1 .16 
· Aug . 24-Sept . 6 14 0 . 19 
Sept . 7-Sept . 20 14 0 .17 
Sept. 21-0ct. 20 30 trace 
Total 13 . 85 
l/ U. S .  Weather Bureau (1964) . 
Monthly precipitation and deviations are given in Table 2 . 
Growing conditions were favorable, but slightly dry until good rains 
fell on April 20, 21, 26 and 27 . The latter part of May and early 
June were dry, but 4 .68 inches of rain were received between June 
8 and June 22 . Very little precipitation fell after the middle of 
July. However, relatively favorable soil moisture conditions were 
maintained in the lightly grazed drainage-way by hauling water from 
a reservoir about 2 . 5  miles away . The water was poured into the 
drainage-way above the sampling area an d  allowed to flood the area 
Table 2 .  Monthly precipitation at the Cottonwood Range Field 
Station, 1964. 1/ 
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Month Precipitation, 
Inches 
Deviation,  
Inches 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Total, Annual 
Total, April 1-Sept . 30 
Total Warm Season 
(June, July, Aug. ) 
Total Cool Season 
(Previous Sept. -May ) 
Tota l Vegetation Year 
(Previous Sept . -Aug. ) 
Y U . S. Weather Bureau (1964). 
0.14 
0. 04 
0. 59 
3. 59 
2. 55 
5. 31 
0. 87 
1. 36 
0.17 
trace 
0.14 
. 0.59 
15 . 35 
13. 75 
7.54 
9. 34 
16. 88 
-0.30 
-0.46 
-0 .14 
1. 86 
-0.29 
2 . 40 
-0.97 
-0.21 
-0.92 
-0 .91 
· -0.27 
0. 24 
+o . 03 
+1. 87 
+1. 22 
+0. 34 
+1.56 
norma l ly. The drainage-way was flooded on July 14, July 25, and 
August 8 with a tota l of approximately 5400 gallons of water. 
Temperature 
The mean annual temperature during the 55-year  period, 1910 
through 1965, has been 46.9 F. Temperatures are highly variable and 
wide differences occur in day and night, monthly, and annual tempera ­
tures. From July 14 to August 7, 1964, the mean daytime temperature 
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Table 3. Mean temperatures at the Cottonwood Range/ield Station by 
sampling periods, April 1 to October 20, 1964. l 
Sampling Dates Interval, Temperature-Degrees 
Days Mean Mean Maximum Mean Minimum 
April 1-15 15 44.1 59. 6 28 .6  
April 16-30 15 50. 3 63.8  36.8 
May 1-14 14 55.9 69. 2 4 1 . 6  
May 15-28 14 66.5 80.7 5 2.4  
May 29-June 1 1  14 59. 2 73.1 45.4 
June 12-25 14 64. 3 78. 2 50.4 
June 26-July 13  18 74.4 89.9 58.9 
July 14-22 9 81. 4 100. 2 62.7 
July 23-Aug. 7 16 79. 2 96. 2 62.4  
Aug. 8-23 16 68. 6 85. 2 51.9 
Aug. 24-Sept. 6 14 67. 3 85. 6 47.6 
Sept. 7-Sept. 20 14 60.0 76. 5 43. 5 
Sept. 21-Oct. 20 30 52. 8  71. 5 34.0 
11 u .  s .  Weather Bureau (1964) . 
was 98. 2 F. Temperature readings of over 100 F were recorded on ten 
days wi thin this interval at the station headquarters. Average high 
and low temperatures for the 1964 study by sampling dates are given 
in Table 3. Monthly mean temperatures for 1964 are presented in Table 
4. High daytime temperatures coupled with low humidity and rela­
tively strong and frequent winds have a pronounced effect on the 
moisture relationships of soil and vegetation. New growth of the 
cool season species, particularly western wheatgrass and Japanese 
brome, will occur, especially on high condition ranges, when late 
fall temperatures are favorable and soil moisture is adequate. 
The frost-free growing season is generally from mid-May until near 
the end of September or approximately 136 days. 
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Table 4 .  Mean mont�ly temperatures at the Cottonwood Range·Fiel d  
Station, 1964. 1/ 
Month 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Mean, Annual 
Mean ; April 1-Sept . 30 
Mean, Warm Season 
(June, July, Aug. ) 
Mean, Cool Season 
(Previous Sept. -May )  
Mean, Vegetation Year 
(Previous Sept . -Aug. ) 
Temperature, 
Degrees F 
26 . 6 
27.8  
29. 7 
47 .2  
60 .2 
64 . 7  
77. 4 
71. 0 
60. 2 
49 . 7  
31 . 0  
16.5  
46.9 
63 .5  
71 . 0  
41 . 7  
49. 0 
y' U. S. Weather Bureau (1964 ).  
:Evaporation 
Deviation, 
Degrees F 
7 . 3  
4. 7 
-3 . 0  
1. 0 
4. 0 
-2 . 3  
2 .6 
-2 . l  
-2 . 0  
-0.1  
-3 . 3  
-6 . 7  
o . o  
+o.2 
-0 . 6  
+3.1  
+2 .1 
Wind velocity at the station averages eight to eleven miles 
per hour, and high winds are frequent during most of the year . The 
combined effects of high temperature, frequent wind, and low humidity 
produce a mean evaporation from a free water surface of over 11 . 25 
in ches per month during July and August . :Evaporation by sampling 
periods from April through October is shown in Table 5. The greatest 
Table 5. Evaporation at the Cottonwood Range Field Station by 
sampling periods, April l to October 20, 1964 . 1/ 
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Total Mean Daily 
Sampling Date Interval, Evaporation, Evaporation, 
Days Inches Inches 
April 1-15 1 5  2 . 16 � 0 . 14 
April 16-30 1 5  3 .91  3 0.26 
May 1-14 14 3 . 73 y' 0 . 27 
May 15-28 14 4 .91 y 0 . 35 
May 29-June 1 1  14 3 . 30 4 0 . 24 
June 12-25 14 3. 44 i 0 . 25 
June 26-July 13 1 8  5 . 83 4 0 . 32 
July 14-22 9 3 . 40 0 . 38 
July 23-Aug .  7 16 7 . 08 0. 44 
Aug . 8-23 16 5 .19 0. 32 
Aug. 24-Sept. 6 14 4 . 47 0 . 32 
Sept. 7-Sept. 20 1 4  3 .95 0 . 28 
Sept . 21-0ct. 20 30 6 . 84 0 .23 
Y U.  S. Weather Bureau (1964 ) .  
Y Three values missing ; total was estimated from Weather Bureau 
values. 
2/ Two values missing ;  total was estimated from Weather Bureau values • 
. 1/ One value missing ; total was estimated using Weather Bureau values . 
daily rate of evaporation of 0 . 44 inches occurred between July 23 
and August 7 .  Daily evaporation was also quite high between July 14 
and July 22. Mean daytime temperatures between July 14 and August 7 
were near 100 F ( Table 3 )  and precipitation was quite l ow (Table 1 ) . 
Consequently ,  evaporation was relatively high. Daily evaporation from 
May 1 5-28 was also high ( 0. 35  inch ) ; this was due in part to low pre­
cipitation and higher than normal daytime temperatures during this 
period. 
Monthly evaporation and deviations from the 12-year mean, 
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Table 6. Monthly evaporation at the Cottonwood Range F ield Station, 
April through October, 1964. 1/ 
Month 
April 
May 
June 
July 
August 
September 
October 
Total, April 1 -0ct. 3 1 .  
Total, Wann Season 
(June, July, August ) 
Evaporation, 
Inches 
6. 07 Y. 
8.64 Y 
7. 88 Y 
1 1.39 '?J 
1 0. 88 
8.52 
6. 1 1  
59. 49 
30. 15 
Deviation, 
Inches 
-+0. 16 
-t{). 86 
-0. 97 
-0. 05 
+o. 48 
+o. 37 
+o. 80 
+l. 65 
-0. 54 
Y U .  S. Weather Bureau ( 1964 ).  
Y Eypporation  values were adjusted to a full month because some 
values were missing. 
1954 through 1965, are shown in Table 6. Evaporation  data from 
Cottonwood are available for April through October, only, of each 
year. During the late fall and through the winter months low 
temperatures, whi ch cause the water in the evaporation pan to 
freeze, prevent the recording of evaporation. 
Vegetation 
The Cottonwood Range F ield Station supports mixed-prairie 
vegetat ion in  whi ch short and medium height grasses are codominant. 
A list of the species of vegetation observed at the field station 
was given by Lewis et al. ( 1956 ).  The principal short grasses are 
blue grama and buffalograss. The most abundant sedge is needleleaf 
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sedge. Western wheatgrass and green needlegrass are the primary mid­
grasses. The recent invader Japanese brome is the most abundant 
annual grass, but sixweeks fescue and tumblegrass are also present. 
Western wheatgrass, blue grama and buffalograss make up more than 
75 percent of the total annual forage production (Lewis, et al. , 
1956 ). 
Although western wheatgrass is classified as an increaser, it 
ha s been decreasing in the heavily grazed summer-use pastures sin ce 
the grazing trials began in 1942. From 1942 through 1 959, the per­
centage of western wheatgrass in the moderately grazed pastures re­
mained relatively stable, but in creased steadily in the lightly 
grazeo pastures during this time. Sin ce 1959 western wheatgrass has 
decreased from about 40% by weight under light grazing use to about 
15% in 1963. In turn, short grasses, dryland sedges and Japanese 
brome have in creased. The sharp decline in western wheatgrass may 
be due in part to five consecutive years ( 1959 through 1963) of 
below normal precipitation in March and April. Also, competition 
from Japanese brome, pathogens and/or parasites may have been in­
volved ( Lewis et al. , 1965 ). Prior to 1953, very little Japanese 
brorne was found in the pastures. However, by 1955 it made up nearly 
one-third of the annual production by weight in the upland areas and 
over one-half of the current year ' s  foliage production in the drain ­
age-ways of the lightly grazed pastures (Van Dyne, 1956). Japanese 
brome appears to require about two in ches of precipitation in 
September or O ctober foll owed by good fall growing condition s to 
develop den se population s which are fiercely competitive (Lewis et 
al. , 1 965). 
Soils and Topography 
The soils have been described by White (unpublished data). 
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The elevation of the summer pastures varies from approximately 2439 
to 2546 ft above sea level. The topography is rolling to  gently 
rolling. Ero sion by an an cient stream has shaped the lan dscape into 
rather gentle, long sloping hills .  The higher hill s appear to be 
flat topped and have probably been protected from ero sion by cap­
pings of more re sistant strata of sandier lime stone or san dstone. 
The geomorphology o f  the Range Field Station and surrounding 
area is complex. The landscape features probably began t o  develop 
during the late Tertiary. 
The stratigraphy of  the bedro ck is not completely known and 
understood. The lowest strata expo sed is a member of the Pierre 
formation. The parent materials were derived from the Pierre, Fox­
hills, and Chadron formation s. The latter two formation s have been 
removed from all but the higher ridges . Coarser material s ranging in 
texture from fine sandy loam to c lay loam have been depo sited on some 
of the slope s and ridge s. The soils, in general, vary from clay 
loam to a heavy clay and are slowly permeable, dark brown in color, 
and weakly developed on the steeper slopes . 
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Wavy gilgai is a conspicuous feature in the pastures and 
occurs on all of the gentle slopes with clay soils. Wavy gilgai con­
sists of low ridges and shallow valleys or troughs which are oriented 
up and down slope. The microridges are spaced about 1 2  feet apart. 
The soils on the microridges are less developed than the soils in 
the troughs. The microvalleys collect more moisture, produce more 
forage, and are grazed closer than the ridges. I n  the lightly grazed 
pastures western wheatgrass and Japanese brome are especially abun­
dant in the microval leys, while in the heavily grazed pastures 
buffalograss dominates the microvalleys and blue grama occupies the 
microridges. Vegetation-soil relationships on wavy gilgai in a 
past.ure in high range condition in Mellette County, South Dakota, 
southeast of the Cottonwood Station, were studied by White and 
Bonestell (1960) . Warm season grasses, such as big bluestem and 
little bluestem, were more abundant on microridges while cool sea­
son grasses, such as western wheatgrass and green needlegrass, were 
more abundant in the microvalleys. These workers suggested that 
cool season grasses, which grow rapidly in early spring and become 
semi-dormant in the summer, are unable to absorb enough nutrients 
from an infertile microridge soil to produce plants sufficiently 
vigorous to use the soil moisture prior to the growth of the warm 
season species. Conversely, the warm season grasses which commence 
growth later than western wheatgrass, but grow slowly throughout the 
summer when sufficient moisture is available, can absorb sufficient 
nutrients a s  they are released from an infertile microridge {Whit�, 
196 1). Thu s, nutrient s rather than moisture may determine species 
composition on the microridge s . 
Sampling Areas 
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In  order to study the effect of additional run-in water on the 
growth and development of western wheatgrass, two sampling areas were 
located in a l ightly  grazed pasture ( pasture three ) :  one on the up­
land and one in the drainage-way . Both areas were in good range con­
dition (Table 7 ) . The additional run-in water in the drainage-way 
produced a much greater yield and a greater percentage of we stern 
wheatgrass  than the lightly grazed upland;  however, it could not be 
classified in the overflow range soil group (Dyksterhuis, 1963 ). In 
order to study the effect of range condition on the growth and de­
velopment of western wheatgra ss, the upland in good range condition 
was compared with an upland in poor range condition in a heavil y 
grazed pasture (pasture one) with widely scattered western wheatgras s  
plant s. 
Surface soil s in both upland sampling areas are normally de­
veloped silty clay in texture, with wavy gilgai on northerly facing 
(5%)  slope s. Soil texture in the drainage-way ranges from silty 
clay to silty clay loam . Soil s in the three sampling areas are in­
cluded in soil number 5 (White, unpublished data ) and in the clayey 
range soil group (Dyksterhuis, 1963) . 
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Total foliage production and botanical composition qf the 
sampling areas were determined on Ju ly  2, 1964 by clipping 27 randomly 
located 0.96 ft2 circular plots in each of the two lightly grazed 
sampling areas and eighteen 0.96 ft2 circular plots in the heavily 
grazed area. The plots were clipped at ground level and all living 
plant material and mulch was collected. In the laboratory, each 
air-dry sample was weighed to the nearest 0.01 gram and was then 
sorted to determine the weight of the mulch and of each species. 
The species in each sample were composited and oven-dried for 24 
hours at 65 C to determine the dry matter percentage of the air-
dry sample. Foliage production and botanical composition of the 
samP.fing areas are shown in Table 7. 
Highly significant differences in the amounts of foliage and 
in the amounts of mulch produced occurred among all sampling areas 
( Table 8) . Each sampling area differed significantly from the 
others according to Duncan ' s  Multiple Range Test ( Table 7) . Differ­
ences among replications within sampling areas for the amounts of 
foliage and mulch produced were also highly significant (P <.01, 
Table 8). 
The percentage foliage production of western wheatgrass was 
g reater in the drainage-way than in the upland ( P < . 05 ,  Table 9) . 
In terms of actual wei ght, however, the lightly grazed drainage-way 
had nearly three and one-half times as much western wheatgrass as the 
lightly grazed upland. Differences among replications wi thin sampling 
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Table 7. Foliage production . and botanical composition o f 1sampli0g 
areas, Cottonwood Range Field Station, July 2, 1964 . :=:J 
Past Grazin g Rate 
Range Site 
Light 
Clayey 
Upland 
Range Condition Y Good ( 58% ) 
Foliage production, 
lb/acre 
Mulch, lb/acre 
Western wheatgrass, o;J/ 
Green needlegrass, % 
Blue grama, % 
Buffalograss, % 
Needleleaf sedge, % 
Japanese brome, % 
Other species, % 
1527a 
37. 0a 
2. 1  
6. 2 
14. 9 
3. 1 
34. 2 
2. 5 
Light 
Clayey 
Drainage-way 
Goo d  ( 61% )  
4605b 
760b 
60. 8b 
0. 0 
0. 0 
0. 0 
0. 0 
35.2 
3. 0 
Heavy 
Clayey 
Upland 
Poor ( 15%) 
1052 c 
142 c 
2. o c 
0. 0 
2. 9 
88. 3 
5. 6 
o. o 
1. 2 
Y Values are means of twenty-seven 0. 96 ft2 circular plots from the 
lrghtly grazed u�land and the lightly grazed drainage-way and 
eighteen 0. 96 ft plots from the heavily grazed upland. 
Y Range condition was calculated using the Technicians Guide t o  
Range Condition for Southwestern South Dakota (Soil Conservation 
Service, 1961 ) .  
� Common and botanical names of plant species are given in Appendix 
. Table 1. 
1/ Values in the same row with the same superscript do not differ 
significantly at the 5% level. 
areas were also highly significant (P < . 01 )  for western wheatgrass 
percentage ( Table 9 ). 
The percentage foliage production of Japanese brome did not 
differ significantly between the two range sites (Table 9 )  even 
though the actual weight of Japanese brome produced in the drainage­
way was more than twice that produced on the lightly grazed upland. 
Differences among replications within sampling areas were also 
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Table 8. Analyses of varian ce of the effe ct of sampling area on 
current foliage production (lb/acre ) and mulch (lb/acre ).  
Mean Squares 
Source df Foliage Production Mulch 
Sampling areas (S ) 2 1. 88** 2. 82** 
Replications (R )  5 0. 14** 0. 30** 
Plots/R/S 64 0. 008 0. 034 
** Significant at the 1% level. 
Tabl e  9. Analyses of varian ce of the effe ct of range site on the 
percentage foliage production of western wheatgrass and Japanese 
brome. 
Source df 
S ite s 1 
(R )/si t e s 4 
Plot s/ (R )  46 
** Significant at the 1% 
Significant at  the 5% 
Mean Squares 
Western - wheatgrass Japanese brome 
3006.64* 6. 02 
477. 74** 436.57** 
71.98 97. 37 
level. 
level. 
highly significant ( P < . 01 ). The percentage of Japanese brome in 
the lightly grazed upland ( 34%) was slightly higher than the 3 1% 
found on lightly grazed uplands i n  1955, but the amounts of Japanese 
brome in the drainage -way were much less than the 56% found in lightly 
grazed drainage-ways in 1955 (Van Dyne, 1956 ) .  Japanese brome ac­
counted for only a trace  of the total live production in the heavily 
grazed upland .  The annual brome probably can not g e t  established 
in large numbers in the heavily grazed upland due to  the high density 
of the shortgrasses and the severe microclimate. On July 2, 1964, 
Japanese brome was still green , the se eds had not yet be gun to 
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shatter and dry mat ter production appeared to be at a maximum . 
Shortly after the clippings were made, the Japanese brome dried up, 
lost leaves, and the seed shattered from the inflorescences . Very 
little blue grama or buffalograss was found in the lightly grazed 
drainage-way (Table 7) . Production of blue grama was small in both 
upland sampling areas regardless of range condition . The dominant 
grass in the heavily grazed upland was buffalograss which made up 
88 . 3% of the total foliage production (Table 7) . 
I j 
� 
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EXPERI!vlENTAL PROCEDURES 
Three replications in each of the three sampling areas were 
delimited in April, 1964 . The size of the individual p lots in each 
sampling area in each replication varied depending on the density of 
western wheatgrass . In the lightly grazed upland with an estimated 
density of 12 plants per ft2, the plots were 10 x 25 ft . In the 
lightly grazed drainage-way with approximately 70 plants per ft2, 
the plots were approximately 50 ft2 in area, but were irregular in 
shape in order to follow the narrow, twisting contour of the drain­
age-way . In  the heavily grazed upland with only about one plant per 
square yard, the plots were 10 x 500 ft and were located parallel to 
the ridge top so that the length of the plots would be approximately 
perpendicular to the gilgai microrelief . 
Effect of Range Site, Range Condition, and 
Emergence Date on P lant Growth and Deve lopment 
Western wheatgrass did not initiate spring growth prior to 
April 1 in any of the three sampling areas . On April 15, two 25-ft 
transects were equally spaced in each replication in the lightly 
grazed upland . At intervals of 2 ft along this transect, the western 
wheatgrass shoot nearest each second-ft mark was identified with a 
numbered red plastic livestock eartag . This tag was placed gently 
over the young shoot so that the tag was at the ground surface. 
Twenty-five shoots which had emerged between April l arrl 15 wer e 
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tagged in each replication in the clayey upland and in the clayey 
drainage-way. The tags used in  the drainage-way were anchored with 
metal pins to reduce the possibil ity of  being washed away by water 
from heavy rains flowing down the drainage-way. No western wheat­
grass shoots had emerged by April 15 in the heavi ly grazed upland 
sampling area in poor range condition. On April 30, untagged west­
ern wheatgrass shoots in each replication were clipped for identifi­
cation. On May 14, 25 unclipped shoots which had emerged since 
April 30 were located and tagged as described above. In this way, 
25 shoots emerged between April 1 ard 15, May 1 and 15, and May 29 
arrl June 11 were marked in each repli'cation i n  each sampling area 
except that no emergence occurred in the heavily grazed upland be­
tween April 1 and 15 and none oc curred in  the drainage-way from 
May 29 to June 11. 
No new emergence of western wheatgrass occurred after June 
26 on the uplands in either good or poor range condition. Warm 
July and August temperatures coupled with precipitation bel ow the 
long-term average (Tables 2 and 4) and low humidity probably did 
much to prevent any new emergence. However, the more favorable 
moisture conditions i n  the drainage-way as a result of periodic 
flooding during July and early August were probably responsible for 
the new emergence of western wheatgrass shoots which occurred during 
the latter part of August. Japanese brome also began to grow 
thickly i n  the drainage-way at this time. 
.l, ,, 
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Beginning with the second week in July,_ grasshoppers became 
relatively numerous in the lightly grazed pasture, both upland aid 
drainage-way and began to feed on the tagged western wheatgrass 
shoots. Consequently, on July 14 these sampling areas were sprayed 
with malathion using a three-gallon hand-pump sprayer. This treat­
ment was repeated three times between July 14 and August  26. 
On April 15 and at approximately two-week intervals through 
September 20, the number of leaves per shoot, total shoot length 
in centimeters, and condition of the leaves (whether frosted, broken, 
bruised, dead, missing or not damaged) were recorded. Heady (1957) 
defined plant height as the perpendicular distance from the soil at 
its base to the highest point reached with all parts in their natural 
position. Plant length is determined by straightening the plant to 
its greatest length and measuring that distance with a ruler. Length 
is easier to determine in grasses than height, and for purposes of 
measuring rate of growth is probably the better measure. In  this 
study, total shoot length to the nearest one-tenth of a centimeter 
was measured and recorded at each observation date. 
The recorded data from each sampling area, emergence date, 
and observation date were punched on machine records cards and 
analyzed by least squares procedures (Henderson, 1953). Least 
squares means of shoot length and leaf number for the main effects 
of observation date and sampling area were separated using Duncan ' s  
Multipl e Range Test modified by Kramer (1956) for unequal subclass 
numbers . 
Effect of Range Site and Range Condition .Q.!J 
the Hei ght and Location of the Apical Meristem 
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At approximately two-week intervals beginning May 15, ten 
western wheatgrass shoots were col lected from the most abundant 
length am leaf classes in each replication in each sampling area. 
The leaf class was the number of fully expanded leaves with auricles 
on each shoot . L eaf classes and length classes were determined at 
each coll ection date from a sample chosen at random • 
. On May 15 and May 29, collections - were made by leaf class 
only since most cf the shoots were nearly the same length. On May 
15 there was only one leaf class on the clayey upland in poor range 
condition. From the June 12 through the July 23 collection dates, 
the most abundant leaf classes were sampled without regard to length 
class, and the most abundant length classes were sampled without 
regard to l eaf class . However, at all other collection· dates the 
two most abundant length classes were collected within each of two 
most abundant leaf classes . The number of leaf classes and length 
classes col lected at each sampling date in each sampling area are 
shown in Table 10. The number of individuals collected and measured 
from each sampling area at each collection date varied, but always 
exceeded 30 . 
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Table 10 . Number of s hoots measured and number of leaf classes and 
length classes represented, by sampling date and sampling area, 
for apical meristem measurement. 
Collection Sampling No . of No . of No . of 
Date Area Shoots Leaf Length 
Measured Classes Clas ses 
May 14 Lightly Grazed Upland 60 2 0 
Lightly Grazed Drainage-way 60 2 0 
Heavily Grazed Upland 30 l 0 
May 28 Lightly Grazed Upland 53 2 0 
Lightly Grazed Drainage-way 40 2 0 
Heavily Grazed Upland 56 2 0 
June 11 Lightly Grazed Upland 146 2 3 
Lightly Grazed Drainage-way 116 2 2 
Heavily Grazed Upland 53 2 2 
June 25 Lightly Grazed Upland 114 2 2 
Lightly Grazed Drainage-way 117 2 2 
Heavily Grazed Upland 108 2 2 
July 13 Lightly Grazed Upland 172 3 3 
Lightly Grazed Drainage-way 147 2 3 
Heavily Grazed Upland 117 2 2 
July 22 Lightly Grazed Upland 176 3 3 
Lightly Grazed Drainage-way 119 2 2 
Heavily Grazed Upland 116 3 2 
August 7 Lightly Grazed Upland 180 2 4 
Lightly Grazed Drainage-way 180 2 4 
Heavily Grazed Upland 178 2 4 
August 23 Lightly Grazed Upland 180 2 4 
Lightly Grazed Drainage-way 180 2 4 
Heavily Grazed Upland 180 2 4 
Sept .  6 Lightly Grazed Upland 180 2 4 
Lightly Grazed Drainage-way 
Heavi 1 y Grazed Upland 
In the laboratory, the length of each shoot, the number of 
leaves per shoot, the distance from the base to the apical meristem, 
45 
arrl the position of the apical meristem with reference to the leaf 
co l lars were recorded. 
The data were punched on machine reco rds cards and multiple 
regression analyses were calculated using shoot length, shoot l ength 
squared, leaf class and l eaf class squared as independent variables 
and height and location of the apical meristem as dependent variables. 
Prediction equatio ns were formulated (Steel ard Torrie, 19 60)  to 
e stimate height and l ocation of the apical me ristem in western wheat­
grass at future sampling dates and/or from different range sites. 
In order to conduct mu ltiple regression analyses for the location of  
the apical meristem, the actual locati on of the apical meristem were 
given coded calues (Table 11) . 
Table 11. Coded and actual apical meristem locations. 
Coded Locations Actual Location 
01 Be low soil surface 
02 Be low first leaf 
03 Between first and second leaves 
04 Between second and third leaves 
05 Between third and fourth leaves 
06 Between fourth and .fifth leaves 
07 Between fifth and sixth leaves 
08 Between sixth and seventh leaves 
09 Between seventh and eighth leaves 
In order to evaluate the accuracy of the prediction equations 
d eveloped from the 1964 data, a total of 350 western wheatgrass 
shoots representirg several leaf classes was coll ected at three 
different col lection dates in 1966 from two widely spaced range areas 
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in South Dakota. In  mid-May and mid- July , 1966, 200 and 70 shoots, 
respectively, were randomly collected from the 1964 sampling are� 
in the lightly grazed upland and in the draina ge-way at the Cotton­
wood Range Field Station. In early August, 80 western wheatgrass 
shoots representing four leaf classes were collected from a silty 
range site at the Oakwood Lakes State Park in Brookings County in 
the extreme east-central part of South Dakota. 
Effect of Range Site and Range Condition .Q.!} 
The Total Available Carbohydrate Concentration in Rhizomes 
Approximately 5-gram oven-dry samples of western wheatgrass 
rhizomes were dug from each replication in the two lightly grazed 
sampling areas at approximately two-week intervals from mid-April 
through mid-September with a final sample taken on October 20. 
Rhizome collections from the heavily grazed upland in poor range con­
dition did not begin until the mid-May collection date because no new 
growth occurred in this sampling area prior to May 1. 
The rhizome samples were brought back to the laboratory in 
labeled plastic bags under ice water in order to minimize the loss 
of carbohydrates from respiration. In the laboratory, the rhizomes 
were kept frozen until shortly before analysis. Prior to analysis, , 
the rhizomes were washed with a minimum amount of water to remove 
clinging soil particles. The samples were then dried for 24 hours at 
65 c ,  ground to pass through a 4-mesh screen, and analyzed for 
readily available carbohydrates using the method described by 
1; 
1 1  
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Weinmann ( 1947) and modified for this study by Kamstra (unpublish�d 
data) . Analysis for total available carbohydrates in the rhizomes 
was done in the Animal Science Department Laboratory under the super­
vision of Dr . L .  D .  Kamstra . 
RES ULTS AND DI SCUSSION 
Effect of Range Site, Range Condition 
and Emergence Date on Shoot Length and 
Leaf Development 
Western wheatgrass shoots emerged at all three emergence 
dates only in the lightly grazed upland in good range condition .  
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I n  the drainage-way, emergence occurred between April 1 and 15 and 
between May 1 ard 14 only. I n  the heavily grazed upland in poor range 
condition, emergence occurred between May l and 14 and between May 29 
and June 11 only. 
· Analyses of variance were conducted using least squares proce­
dures on shoot length and leaf number for the May 1-14 emergence date 
in which all three sampling areas were included (Table 12) . Although 
d i.fferences among sampling areas and observation dates were highly 
significant (P < .01), the sampling area x observation date interaction 
was not significant. 
I n  order to get least squares means for all observation dates, 
analyses of variance were conducted using least squares procedures for 
shoot length and leaf number in each sampling area (Tables 13 through 
18). Differences due to emergence date ard to observation date were 
highly significant (P' < .01) in each of these analyses, but the emer­
gence date x observation date interaction was not significant in any 
of them. Although differences in shoot length between leaf classes 
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Table 12. Analyses of variance of the eff�ct of sampl i ng area on mean 
shoot length and mean number of l eaves of western wheatgrass, �ay 
1-14 emergence. 
Source 
Sampling Areas (S) 
Observation Dates (0) 
S X 0 
Replicati ons/SO 
Residual 
df 
2 
9 
1 8  
60 
2028 
H Significant at the 1% l evel. 
Mean Squares 
Plant Number 
Length of Leaves 
7715 . 43** 
3535. 59** 
216. 13 
143.97** 
35. 70 
173 . 01** 
491. 34** 
4.9 1  
3.52** 
1. 30 
Table 13. Analyses of variance of the effect of emergence date on 
mean shoot l ength of western wheatgrass, lightly grazed clayey 
upland, good range condition. 
Sourc� 
Emergence Dates (E) 
Observation Dates (0) 
E x 0 
Leaf Class (L)/EO 
R.eplications/L/EO 
Residual 
** Significant at the 1% l evel. 
df 
2 
1 1  
16 
142 
239 
1736 
Mean Squares 
5464. 31** 
4836.18** 
12.65 
199. 43** 
41.62 
16. 71 
were highly si gnificant (P <.01) in each analysis and differences in 
both plant l ength and leaf number between repl ications were highly 
significant (P <". 01) in several analyses, replications and leaf 
classes were pool ed. Least squares means are shown as growth curves 
in Fig . l through 4 and are presented in Appendix Tables 2 through 7. 
All of the curves have essentially the same shape, although leaf de­
velopment continued very slowly after July 13, while shoot l ength 
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Table 14. Analysis of variance of the effect of emergence date on 
mean shoot length of western wheatgrass, lightly grazed clayey 
drainage-way, good range cond ition. 
Source 
Emergence Dates (E) 
Observation Dates (0) 
E x 0 
Leaf Class (L)/EO 
Replications/L/Eo 
Residual 
** Significant at the 1% level. 
df 
1 
11 
9 
105 
190 
1162 
Mean Squares 
21589.82� 
8031.55� 
138.00 
468.18� 
90.69** 
25.51 
Table 15. Analysis of vari ance of the effect of emergence date on 
mean shoot length of western wheatgrass, heavily grazed clayey 
upland, poor range condition. 
Source 
Emergence Dates (E) 
Observation Dates (0) 
E x 0 
Leaf Class (L)/EO 
Replications/L/EO 
Re·sidual 
** Significant at the 1% level. 
df 
1 
9 
7 
75 
144 
1066 
Mean Squares 
879.47** 
372.84� 
0. 45 
78.88� 
5. 21 
7.81 
declined slightly. Range site, range condition and emergence date 
mainly affected the elevation of the curves rather than the shape. 
Further analyses should be conducted fitting curves to these data. 
I n  general, the growth curves are similar to those reported 
for western wheatgrass at North Platte, Nebraska by Bredemeier (1958) 
and at Miles City, Montana by Reed and Peterson (1961) and Houston and 
Woodward (1966). However, these investigators showed a period of slow 
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Table  16. Analysis of variance of the effect of emergence d� te o n  
mean leaf number of western whea tgrass, lightly grazed clayey 
upland, good range condition . 
Source 
Emergence Dates (E) 
Observation Dates (0) 
E x 0 
Repl i cations/Ea 
Residual 
ff Significant at the 1% level. 
df 
2 
11 
16 
60 
2057 
Mean Squares 
357. 21** 
548.03** 
0.83  
4.88** 
1.15 
Table 17. Analysis of variance of the effect of emergence date on 
the mean leaf number of western wheatgrass, lightly grazed clayey 
drainage-way, good range conditi on. 
Source 
Emerg ence Dates (E) 
Observation Dates (0) 
E x 0 
Replicatio ns/EO 
Residual 
** Significant at the 1% level . 
df 
1 
11 
9 
44 
1414 
Mean Squares 
964 . 43** 
5 14. 30** 
3. 53 
2. 37** 
1 .50 
growth fol lowing the initiation of growth in the spring. I n  the 
study reported here, the growth rate from emergence to the first 
observation date ( less than 2 weeks later) was always the most rapid 
during the entire growing period. This discrepancy is probably due 
to the fact that measurements in this study were made on tagged 
shoots of known emergence date ; whereas, in the other studies measure­
ments were made on randomly selected plants of unknown age. I f  
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Table 18 . Analysis of variance of the effect of emergence date on 
the mean leaf number of western wheatgrass, heavily grazed c layey 
upland, poor range condition . 
Source 
Emergence Dates (E) 
Observation Dates (0) 
E x 0 
Replications/EO 
Residual 
** Significant at the 1% level . 
df 
l 
9 
7 
36 
1249 
Mean Squares 
59 .81** 
147.84** 
1 . 78 
0. 19 
1 .00 
measurements of newly emerged shoots had been included in the early 
spring measurements at each observation date, the rapid early growth 
of the shoot would not have been observed . 
Effe�t of range site and emerg ence date 
The growth curves showing the effect of range site on shoot 
length and leaf number of western wheatgrass plants which initiated 
growth at two emergence dates, April 1 to 15 and May l to 14, are 
shown in Fig . 1 and 2, respectively . 
Least squares means of the main effects of length of shoots 
which emerged between April l arrl 15 were 19 .4 cm for the lightly 
grazed upland and 23 .5 cm for the lightly grazed drainage-way 
( Table 19) . Least squares means for the leaf number of culms of 
this emergence were 5. 1 for the light ly grazed upland and 5 .4 for 
the drainage-way . 
Least squares means of length for culms which emerged between 
May l and 14 were 19 . l  cm for the lightly grazed upland and 18 .4 cm 
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for the lightly grazed drai nage-way (Table 19). This difference was 
not significant. Least squares means of the leaf number of shoots 
which emerged between May 1 and 1 4  were 5.1 and 4. 4 leaves, respec­
tively, for the lightly grazed uplard ard the lightly grazed drain­
age-way (Table 19).  
I n  each sampling area, least squares means for the main ef­
fects of shoot length and shoot leaf number were inversely propor­
ti onal to date of emergence. In  each comparison, the early emerging 
culms were longer ard had more leaves than did later emerging ones 
(Table 19). This effect was evident at each observation date in 
both range sites for both shoot length ard leaf number (Appendix 
Tables 2, 3, 5 and 6) . Early emerging shoots were already present 
and competed with later emerging ones for the resources of the habi­
tat. Differences in length and leaf number of culms in both lightly 
grazed sampling areas were due mainly to moisture differences. 
Plants in the drainage-way received more moisture, either naturally  
as run-in after heavy spring rains or artificially by periodic flood­
ing with water hauled to the plots during the latter part of July 
and early August, than did those on the upland. 
The mean initial length by the first observation date (April 
15) for shoots which emerged between April l and 15 was approximately 
the same in both sites : 7.0 cm in the drainage-way and 6 0 6 cm in the 
upland (Table 20) . The initial number of leaves per plant (April 15) 
was l o 7 for the drainage-way and 1. 4 for the upland. 
Table 19. 
7_
Ef�ect of emergence date on mean shoot length and mean leaf number o f  western whea t-
1 2 grass. - -
Sampling Area 
Lightly Grazed Drainage-way 
Good Range Condition 
Lightly Grazed Upland 
Good Range Condition 
He avily Grazed Upland 
Poor Range Condition 
April 1-15 
Length Leaves 
cm no. 
23.5A 5. 4a 
19 .4A 5 .la 
Emergence Date 
May 1-14 
Leng th Leaves 
cm 
15.4
B 
( 18 .4) 
16 . 3B]/ 
(19 . l) 
13.lA 
no. 
3. 7b)./ 
(4.4 )  
4.4
b)./ 
(5.1 )  
4. 1 a 
May 29-June 11 
Le ng th Leaves 
cm no . 
13 . 7C]/ 3 . 6 c]/ 
11.4B]/ 3 . 6 b)./ 
l/ Values are least squares main effect means for emergence dates by sampling areas from the leas t 
squares a nalyses of variance shown in Tables 13 through 18 (compare Appendix Tables 2 through 
7 ) ,  except the values in parentheses which are least squares main effect means fro m the least 
squares analyses of variance shown in Table 12. 
l/ Values in the same sampling area with the same superscript do not differ sig nifican tly at the 
5% leve l.  
]/ Values are main effect means weighted to include zero values that occurred before emergence. 
(J1 a-
Table 20. Ef fect of emergence date on mean initi al shoot length and mean i ni ti al l eaf  number of 
western wheatgrass. 
April 1-15 
Length Leaves 
Sampling Area cm no. 
Lightly Grazed Drainage-way 
Good Range Condition 7 . 0 1.7 
Lightly Grazed Upland 
Good Range Condition 6. 6 1.4 
Heavily Grazed Upland 
Poor Range Condition -- --
Emergence Date 
May 1- 14 
Length Leaves 
cm no. 
7.6 1. 5 
10. 2 1.8 
8. 1 1. 6 
May 29-June 1 1  
Length Leaves 
cm no. 
13.5 3. 2 
10. 8 2 . 4 
(J1 
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Mean initial shoot le�th at the first observation dite (May 
14) for shoots which emerged between May 1 and 14 in the two lightly 
grazed sites was much greater in the lightly grazed upland than in 
the lightly grazed drainage-way (10. 2 versus 7.6 cm, Table 20) . The 
initial number of leaves per culm (May 14) was slightly greater in 
the upland than in the drainage-way ( 1.8  versus 1. 5, Table 20) . 
Means of  shoot length ard leaf number at the first observation 
date after emergence were directly proportional to emergence date. 
In  both lightly grazed sites, culms which emerged later were longer 
and had more leaves at the first observation date after emergence 
than those which emerged earlier (Table 20). The warmer temperatures 
( Tabl � 3) , higher light intensities and ionger photoperiods at the 
later emergence dates were probably responsible for the faster rate 
of growth immediately following emergence. Sprague (1943 ) working 
with seven grasses and one legume in Pennsylvania found that plants 
grown under daylengths of 16 hours and soil and air temperatures of  
from 70-85 F produced more and longer leaves per shoot than plants 
grown under shorter photoperiods and cooler temperatures. Similar 
results were found by Mitchell (1956) , Templeton et al. ( 1961) , and 
Friend et al. ( 1962), although optimum temperatures, photoperiods, 
and light intensities varied with the grass or legume species used. 
Shoots which emerged between April l and 15 in both areas grew 
at the same rate until May 28. From May 28 until July 13, the shoots 
in  the drainage-way grew faster than those of comparable age in the 
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lightly grazed upland. Earlier emerging pl ants grew faster than those 
whi ch  emerged later (Fig. 1, compare Appendix Tables 2 and 3 ) . 
The rate of el ongation of shoots which emerged between May 1 
and 14 was similar for both lightly grazed areas. Shoots in the 
lightly grazed drainage-way grew slightly faster than those of compar­
able age on the upland, al though maximum lengths reached were about 
the same in bot h  areas. However, the initial length of  shoots in the 
drai nage-way was less than on the upland (Fig. 1, compare Appendix 
Tables 2 and 3). 
Rate of increase in leaf number was similar in the two lightly 
grazed sampling areas regardless of emergence date. Leaf development 
of shoots which emerged between April l and 15 essentially paralleled 
that of  sho ots which emerged between May 1 ard 14 (Fig. 2, compare 
Appendix Tables 5 and 6). 
Culms which emerged between April 1 and 15 in the drainage-way 
reached a maximum length of 32. 2 cm by July 13, while those in the 
lightly grazed upland continued to el ongate until July 22, reaching 
a maximum length of only 25. 2 cm (Fig. 1, compare Appendix Tables 2 
and 3). The maximum mean number of leaves per shoot from the April 
1-15 emergence, 7.1 in the upland and 7. 7 in the drainage-way was 
reached by the same observation date, September 6 (Fig. 2, compare 
Appendix Tables 5 and 6) . Emergence date had no effect on  when 
maximum length and leaf devel opment occurred in either of the lightly 
grazed sampling areas. 
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Maximum mean lengths for shoots which emerged between May 1 - and 
14 were also similar in both areas : 23. 0 cm in the drainage-way ard 
22.8  cm in the upland (Fig. 1, compare Appendix Tables 2 and 3 } .  
Maximum elongation was reached by July 22 in the drainage-way ; where­
as, elongation by shoots in the lightly grazed upland was completed 
by July 13. After July 22, mean shoot length in the drainage-way 
decreased more than in the lightly grazed upland (Fig. 2, compare 
Appendix Tables 5 and 6) . Maximum leaf number was reached by August 
23 in the upland ; whereas, leaf development continued in the drainage­
way through the last observation date (September 20 ).  However, the 
maximum .number of leaves per shoot was greater in the upland than in 
the drainage-way (6. 4  versus 5.8, respectively, Fig. 2, compare 
Appendix Tables 5 and 6) . 
I n  general, emergence date had an important effect on the shoot 
length and leaf development in the two lightly grazed sampling areas. 
The earliest emerging shoots were longer and had more l eaves. Al­
though the number of western wheatgrass plants per unit area was not 
recorded at each observation date, it was observed that most of the 
culms produced in the l ightly grazed sampling areas were those which 
had emerged between April l ard 15. This was especially true in the 
drainage-way. Total foliage production in the drainage-way was over 
twice that on the upland ; however, mulch accumulation was only half 
that on the upland (Table 7) . The upland sampling area was rested 
from grazing the previous year which partly explains the greater 
mulch accumulation. Also, past grazing use was probably l ighter on 
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the upland than in the drainage-way. 
The more favorable moisture conditions in the early spring were 
probably responsible for the high percentage of cool season grasses 
and the very low percentage of warm season shortgrasses in the drain­
age-way (Table 7 ) . Competition for water and nutrients between western 
wheatgrass p lants was especially strong in the drainage-way. 
The percentage of total foliage production from Japanese brome 
was nearly the same in the two sites, but the percentage of western 
wheatgrass was more than one and one-half times as great in the drain­
age-way as in the lightly grazed upland. 
Since the cool season annual, Japanese brome, was quite abundant 
on both the drainage-way and the upland, linear regression was used 
to determine the effect of Japanese brome on the production of western 
wheatgrass . The weights of the two species from 27 plots in each 
area were compared. Japanese brome had no appreciable effect on the 
production of western wheatgrass in either range site. Correlation 
and regression coefficients were +0.001, 0.027,  and 0.001 and 0.026, 
respectively, for the drainage-way and the upland. 
Linear regression was also used to determine the effect of 
weight of mulch on the production of Japanese brome. Correlation 
coefficients were very low, 0. 291 and -.413 for the lightly grazed 
drainage-way and the lightly grazed upland, respectively. The re­
gression coefficients were 0.693 in the drainage-way and -.483 in 
the uplard. However, these coefficients have little importance in 
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view of the very low correlations which were found. 
Effect of range condition a nd  emergence date 
The growth curves showing the effect of range condition on 
mea n shoot length and leaf development of western wheatgrass are 
shown in Fig. 3 and 4, respectively. Western wheatgrass on the 
upland in good range condition began emerging between April 1 and 15. 
However, growth did not begin on the upland in poor range condition 
until after May 1. Delayed emergence of western wheatgrass under 
heavy grazing intensity has not been reported by other workers. 
However, Reed and Peterson (1961), working near Miles City, Montana, 
found that the decline in growth rate started earlier on the heavily 
grazed areas, and in some areas growth stopped 1 to 2 weeks sooner 
than in lightly or moderately grazed areas. Consequently, shoots 
remained shorter throughout the growing season on the heavily grazed 
areas. 
Least squares means of length of shoots which emerged between 
May 1 and 14 were 19. l and 13.1 cm, respectively, for the lightly 
grazed upland in good range condition and the heavily grazed upland 
in poor range condition (Table 19). Differences in shoot length 
between the lightly grazed and the heavily grazed upland at various 
observation dates were quite large (Fig. 3) . Least squares means 
of leaf number of plants which emerged between May 1 and 14 were 5.1 
and 4.1 leaves per plant, respectively, for the upland in good range 
condition and the upland in poor range condition. 
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Least squares means of the length of shoots which emerged be­
tween May 29 ard July 1 1  were 13.7  cm for the lightly grazed upland 
and 1 1.4 cm for the heavily grazed upland (Table 19). These are 
least squares main effect means which are weighted to include zero 
values that occurred before emergence. Differences in shoot length 
between uplands in good and poor range condition at various obser­
vation dates were smaller for later emerging shoots. Shoots which 
emerged earlier were l onger and had more leaves regardless of range 
condition. However, culms of both emergence dates from the upland 
in good range condition were longer than those from the upland in 
poor range condition. Mean leaf number of shoots which emerged 
between May 1 and 14 was greater in the li ghtly grazed upland 
(5.1  versus 4. 1 ) , but mean leaf number from shoots which emerged 
between May 29 and July 1 1  was the same in both areas (3. 6 leaves, 
Table 19) .  
The mean initial length of the shoots of the May 1-14 emer­
gence at the May 14  observation date was 2. 2 cm greater in the lightly 
grazed upland than in the heavily grazed upland, 10. 3 versus 8. 1 cm 
( Table 20) . The initial number of leaves per shoot at the first ob­
servation date for plants of this emergence was slightly greater in 
the upland in good range condition, 1.8 versus 1. 6 leaves (Table 20) . 
The mean initial length by June 1 1  from culms which emerged 
between May 29 and June 1 1  was 2. 7 cm greater in the upland in good 
range condition than in the upland in poor range condition, 13.5  ver­
sus 10.8 cm (Table 20). However, the initial number of leaves per 
shoot (June 1 1) was greater in the upland in good range condition ; 
3. 2  versus 2.4. 
As was true for the comparisons involving range sites in the 
lightly grazed pasture, means of shoot length ard leaf number in the 
two upland areas differing in range condition at the first observa­
tion date after emergence were directly proportional to emergence 
date. I n  each upland sampling area, shoots which emerged later were 
longer and had more leaves at the first observation date after emer­
gence than those shoots which emerged earlier (Table 20). The warmer 
temperatures, higher light intensities_ and longer photoperiods at the 
later emergence dates were probably responsible for the faster rate 
of growth immediately following emergence. This effect was especially 
striking in the heavily grazed upland where 55 and 84% of the total 
shoot length and 32 and 51% of the total leaf number w.as reached in 
l'ess than 2 weeks by shoots emerging between May 1 and 14 and between 
May 29 and June 11, respectively. 
Between June 11 and July 13, the rate of increase in shoot 
length was more rapid in the lightly grazed upland in good range con­
dition than in the heavily grazed upland in poor range condition re­
gardless of emergence date (Fig. 3). Mean culm lengths at each 
observation date were greater for those which emerged earlier. 
Emergence date had no appreciable effect on rate of elongation as the 
growth curves for each emergence date were essentially parallel (Fig. 
3, compare Appendix . Tables 3 ard 4). 
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Between June 25 and July 13, shoots in the lightly grazed . 
upland in good range condition developed leaves faster than those in 
the heavily grazed upland in poor range condition at both emergence 
dates ( Fig. 4) . Emergence date had litt le effect on the rate of 
increase in leaf number in the lightly grazed upland as the curves 
were nearly parallel (Fig. 4, compare Appendix Tables 6 and 7).  Leaf 
development ceased by July 22 in shoots which emerged between May 1 
and 14 in the heavily grazed upland; whereas, leaf number continued 
to increase slightly for shoots which emerged between May 29 and 
June 11 in this sampling area. 
Maximum lengths of culms which emerged between May 1 and 14 
were reached in both areas by July 13. After this date, shoot 
lengths slowly decreased. Shoots in the upland in good range con­
dition were 8. 0 cm longer when maximum mean lengths were reached 
than those of comparable age in the upland in poor range condition, 
22.8 versus 14.8 cm (Fig. 3, compare Appendix Tables 3 and 4). Maxi-, 
mum leaf number was reached by August 23 in both upland sampling 
areas. However, changes in leaf number in both areas were very slow 
after July 13. Shoots in the upland in good range condition had an 
average of 1.4 more leaves when maximum leaf development was reached 
on August 23 than did those of comparable age in the upland in poor 
range condition, 6.4 versus 5.0 leaves (Fig. 4 ,  compare Appendix 
Tables 6 and 7) . 
Maximum lengths of shoots which emerged between May 29 and 
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June 11  were reached by July 22 in the lightly grazed upland and by 
July 13 in the heavily grazed upland. After July 22, there was a 
slow but steady decrease in mear 1 plant lengths in both upland samp­
ling areas. Plants in the upland in good range condition were 6. 1 
cm longer when maximum mean lengths were reached than those of com­
parable age in the upland in poor range condition, 19.0 versus 12.9  
cm (Fig. 3, compare Appendix Tables 3 and 4) . Maximum mean leaf 
number was reached by September 6 in the upland in good range con­
dition and by September 20 in the upland in poor range condition. 
Leaf development after July 13 was very slow in both upland sampling 
areas. Shoots in the lightly grazed tipland had an average of 0.9 
more leaves when maximum leaf development was reached than did those 
of the same age in the heavily grazed upland, 5. 6 versus 4. 7 leaves 
(Fig. 4, compare Appendix Tables 6 and 7). Emergence date had no 
effect on when maximum elongation or leaf development was reached. 
However, shoots which emerged earlier reached greater maximum lengths 
and had more leaves than those which emerged later. 
Shoots in the lightly grazed upland in good range condition 
were longer and had more leaves than those in the heavily grazed 
upland in poor range condition regardless of emergence date. These 
differences were due mainly to range condition and related environ­
mental conditions which in turn were a result of previous grazing 
intensity. In 1942 when the intensity of grazing studies began, the 
average range condition was 60, 62 and 63%, respectively, for heavily, 
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moderately, and lightly grazed pastures, (Lewis et al.,  1956). Thus, 
a l l  pastures were in good range condition at this time. By 1964, 
range condition was 58% in the lightly grazed upland sampling area, 
bu t was only 15% in the heavily grazed upland (Table 7) . Western 
wheatgrass has decreased under heavy use since the grazing trials 
began and produced only 2% by weight of the foliage production in 
the heavily grazed upland in 1964 (Table 7); whereas, _ it comprised 
37% of the total foliage production in the upland in g ood range con­
dition . Total foliage production in the heavily g razed upland was 
less than half that of the lightly grazed upland , 1052 versus 2216 
lb/acre. The amount of mulch produced per acre in the upland in poor 
range condition (142 lb/acre) was less than one-tenth that of the 
upland in good range condition (1527 lb/acre) . 
Effect of Range Site, Range Condition, and Emergence 
Date Q!J Shoot and Leaf Condition 
Growth and development of young western wheatgrass shoots are 
often limited by climatic and biotic influences. As the g rowing sea­
son advances, feeding by insects, particularly grasshoppers , often 
results in damage to the shoots. Other factors such as heavy rains, 
hail, wind, drought, fire, trampling, grazing, diseases and parasites 
may damage the shoot at any time during the g rowing season. 
The term green damaged as used here describes shoots whose 
individual leaves were frosted, bruised, broken, partly dead, or dead, 
70 
bu t which still had some green tissue present. The term dormant 
refers to shoots that had no green tissue whatsoever, but had acquired 
a yellowish-tan, weathered-straw color. These culms appeared to be 
dead. The term measurable is used to describe shoots whose total 
length and number of leaves could be recorded regardless of whether 
the plant was green or dormant. Unmeasurable describes those culms 
which were broken near the base so that plant length and leaf number 
could not be determined. The term living refers to shoots which had 
some green tissue. The percentages of green damaged shoots were 
based on the total number of measurabl� culms present from each emer­
gence date in each sampling area and at each observation date. The 
percentages of dormant shoots were based on the total number from 
each emergence date at each observation date in the three sampling 
areas including measurable, unmeasurable, and missing culms. The 
percentages of green undamaged shoots were equal to 100 minus the sum 
of the percentages of green damaged and dormant shoots. Percentages 
of green undamaged shoots were high only at the earliest observation 
dates for shoots of each emergence. 
Although the field measurements recorded whether the individual 
leaves on each tagged shoot were f rosted, bruised, or broken, these 
three classes were later grouped into one category and labeled green 
damaged in order to simplify the statistical analyses. Leaves that 
were dead or missing were grouped into a dead category. Leaves that 
were missing at various observation dates were those that were already 
dead and had becorre detached from the culm. Leaves were labeled as 
7 1  
being partly dead if only a portion of the leaf was still green . Jhe 
percentages of green undamaged leaves were equal to 100 minus the sum 
of the percentages of green damaged, partly dead, and dead leaves . 
Effect of range site and emergence date 
The analyses of variance of the effect of range site, emergence 
date, and observation date on shoot and leaf condition are presented 
in Table 2 1 .  The analyses of variance of the effect of sampling area 
and observation date on shoot and leaf condition of western wheatgrass 
from the April 1-15 and from the May 1-14 emergence are shown separ­
ately in Appendix Tables 8 and 9, respectively. Differences between 
each of the main effects (range site, emergence date and observation 
date) were highly significant (P' < .01) for all shoot and leaf condi­
tion categories with three exceptions. The percentage of partly dead 
le.aves did not differ significantly between emergence dates, and the 
percentage of dead leaves did not differ significantly between either 
range sites or emergence dates . Each of the two factor interactions 
was highly significant ( P < .01) for three or more categories. The 
three factor interaction, range sites x emergence dates x observation 
dates, was not significant for the percentages of green damaged, 
partly dead, and dead leaves. However, the three factor interaction, 
range sites x emergence dates x observation dates, was highly signi­
ficant (P < .01) for the percent of green damaged shoots and was signi­
ficant ( P  < . 05) for the percent of dormant shoots . These interactions 
are presented graphically in Fig . 5 (compare Appendix Tables 10 and 
Table 21. Analyses of variance of the effect of range site,  emergence date , and observation 
date on shoot and leaf condition of western wheatgrass,  April 1- 15 and May 1-14 emergence. 
Mean Squares 
Shoot Condition Leaf Condition 
Green Green Partly 
Source df Damaged Dormant Damaged Dead Dead 
Range Sites ( S )  1 15 18 . 70** 1866. 78� 462. 17** 74. 10** 3 1. 21 
Emergence Date (E) 1 1 1703.85** 1195 . 12** 207. 24** 0. 14 125.66 
S x E 1 1 324.68** 1718 . 38� 13.94 1. 31  133.57  
Observation Dates (o ) 9 2218. 26** 1094.40** 56 1. 70** 70.87** 7785. 41� 
S X 0 9 88 .43 55. 23 110. 6 1** 22. 79** 107.58� 
E x 0 9 1 713. 70� 9 1. 12 246.97** 9. 48** 94.09� 
S x E x 0 9 172.86** 1 11. 13* 3 . 38 2.54 3 . 71  
Residual 80 64. 32 47.87 22.96 2 . 79 34. 14 
** Significant at the 1% level. 
* Significant at the 5% level. 
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74 
1 1 ).  A large percentage of the early emerging shoots (Apri l · 1- 15) . on 
bo th the upland and in the drainage-way were damaged prior to May 14. 
This damage was mainly caused by frost as evidenced by the purple 
co lor whi ch developed in the leaves. Between April 3 am April 11, 
1964, the average night-time temperature was 24.6 F, with readings 
as low as 12 F. A much smaller percentage of individual leaves were 
damaged by frost (Fig. 7) than shoots. No dormant shoots were ob­
served prior to May 14. 
Culms which emerged between April 1 and 15 in both lightly 
grazed sampling areas had similar percentages of  green damaged and 
dormant shoots throughout the season. Shoots which emerged between 
May 1 ·and 14  behaved similarly until June· 11. After this date the 
drainage-way had a higher percentage of dormant shoots resulting in 
a lower percentage of green damaged shoots. The high percentage of 
dormant shoots (reaching nearly 40% in late August) in the drainage­
way was probably due to extreme competition between individual plants 
in the dense stand of western wheatgrass in the swale. Competition 
was probably intensified by the presence of Japanese brome o No 
western wheatgrass shoots emerged after May 14 until August 26 which 
is further evidence of the intense competition in the swale. 
Although the range site x observation date interaction was not 
significant for the green damaged and dormant shoots, it was highly 
significant (P <  . 01) for the green damaged, partly dead, and dead 
leaves. These interactions are presented graphically in Fig. 6 (com­
pare Appendix Table 12 ).  While there was little difference in the 
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Fig .  6 .  Effect of range s ite and observati on date on the percent­
ages of green damaged , partly dead and dead western wheatgrass 
leaves , April 1-15 and May 1-14 emergence ,  good range cond i t i on .  
Analyses of vari ance are shown i n  Table· 21 . Dotted lines ind i ­
cate values not included in the analyses of variance .  
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percentage of green damaged or partly dead leaves early in the season, 
the proportion of green damaged leaves was consistently greater in 
the drainage-way than on the upland after June 25. Conversely, the 
percentage of partly dead leaves was greater i n  the upland than in 
the drainage-way, especially after August 7. However, green damaged 
and partly dead were much less important than the percentage of dead 
leaves. No dead leaves were reported before May 14. After this 
time there was a steady increase in the percentage of dead leaves un­
til the end of the season when 78% of the leaves were reported dead. 
From May 14 until August 7 the highest _percentage of dead leaves was 
observed in the drainage-way. However, after this date a higher 
percentage of dead leaves was observed on the upland. This reversal 
may have been due to the slightly more rapid leaf devel opment which 
continued in the drainage-way until the end of the season. 
While the main effect of emergence date was not significant 
for the percentage of partly dead or dead leaves, the emergence 
date x observation date interaction was highly significant (P < . 01 )  
for all leaf condi tion categories (- Table 21 }.  These interactions 
are presented graphical ly in  Fi g. 7 (compare Appendix Table 13). 
Over 30% of the leaves from shoots whi ch emerged between April 1 
and 15 were damaged by May 14 ; whereas, only 2% of the l eaves from 
shoots which emerged between May l and 14 were damaged. At all ob­
servation dates, the percentage of green damaged leaves from shoots 
which emerged between April 1 and 15 was higher than that from 
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Fig. 7.  Effect of emergence date and observation date on the 
percentages of green damaged , partly dead and dead western 
wheatgrass leaves , Apri l 1-15 and May 1-14 emergence ,  good 
range condition .  Analyses  of variance are shown 1n Table 
21 .  Dotted l ines indicate values not included 1n the anal­
yses of variance .  
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shoots which emerged between May l and 14. However, this diff�rence 
was small and not significant (Table 21 ) .  The percentage of partly 
dead leaves from May 14 through September 20 remained relatively 
similar regardless of emergence date. Emergence date had no signi­
ficant effect on the proportion of partly dead leaves (Table 21) . 
The percentage of dead leaves from the April 1 to 15 emergence remain­
ed sli ghtly higher than from the May l to 14 emergence until July 13. 
After this time, the percentage dead leaves was higher from the 
May 1 -14 emergence, resulting in a highly significant ( P  < .01) emer­
gence date x observation date interaction (Table 21) . 
Effect of range condition and emergence date 
The analyses of variance of the effect of range condition, 
emergence date, and observation date on shoot and leaf condition 
ars presented in Table 22. Differences between the main effects of 
range condition and observation date were highly significant (P < .01) 
for all shoot and leaf condition categories. Between emergence dates, 
only the difference s in the percentage of green damaged shoots were 
highly significant (P < . 01). Differences between emergence dates 
in the percentage of dormant shoots and in the percentages of all 
three leaf condition categories were not significant. With two 
exceptions, differences for all shoot and leaf condition categories 
in the range condition x emergence date and the emergence date x ob­
servation date interactions were not significant. These exceptions 
Table 22. Analyses of variance of the effect of range condition, emergence date, and observa­
tion date on shoot and leaf condition of western wheatgrass, May 1-14 and May 29-June 1 1  
emergence. 
Mean Squares 
Shoot Condition Leaf Condition 
Green G reen Partly 
Source df Damaged Dormant Dama ged Dead Dead 
Range Condition (C) 1 5792. 38** 2210.88** 1082. 73** 38 . 12** 635.5 1** 
Emergence Dates (E) 1 4281. 34** 235.94 29 .49 2. 37 20. 16 
C x E 1 476. 60* o . oo 27 . 09 0. 01 87. 79 
Observation Da tes (0) 7 2459. 31** 3319.23** 99 - 42** 1 46.26** 9850.85** 
C x 0 7 481.9 1** 5 10.85** 89.83** 7. 16 253. 3 1** 
E x 0 7 1005. 16** 101. 23 1. 01  5. 13 81.24 
C x E x 0 7 268.64** 4.24 2. 38 1.19 15.76 
Residual 64 110. 34 94. 37 11. 82 3.93 39. 78 
** Significant at the 1% level. 
* Significant at the 5% level. 
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were: (1) the percentage of green damaged shoots in the range condi­
tion x emergence date interaction (P. <: . 05), arrl (2) the percentage of 
green damaged shoots in the emergence date x observation date inter­
action (P < .01) . Differences for all shoot and leaf condition cate­
gories in the range condition x observation date interaction were 
highly significant (P < . 01) with one exception, the percentage of 
partly dead leaves which was not significant. 
The three factor interaction, range condition x emergence 
date x observation date, was not significant for all shoot and leaf 
condition categories except for the percent of green damaged shoots 
which was highly significant (P < .01). The effects of range condi­
tion ; emergence date, and observation date on the percentage of green 
damaged shoots from May 1 to 14 and May 29 to June 11 emergence are 
shown graphically in Fig. 8 ( compare Appendix Table 10). 
At the first observation date (May 14) for the plants which 
emerged between May 1 arrl 14, less than 7% of the shoots in both 
upland sampling areas were damaged . Between May 14 and June 25, 
the percentage of green damaged 5.hoots increased rapidly and reached 
nearly the same level in both upland areas regardless of range condi­
tion. The maximum percentage (97.3) of green damaged shoots was 
reached in the two upland areas by June 25. After this date, the 
decline in the proportion of green damaged shoots was more rapid in 
the heavily grazed upland in poor range condition, especially between 
September 6 and September 20. This rapid decrease was a result of a 
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Fig . 8 .  Eff ec t o f  range cond i t i on ,  emergenc e d a t e  and 
observat i on dat e on the perc entage of gre en damaged 
west ern wheatgrass shoots , May 1-14 and May 29-June 
11  emergenc e ,  c layey upland . Analys e s  of varianc e 
are shown in  Tabl e 22 . Dot ted l ines i nd i cate  values 
not inc lud ed in the analys es of varianc e .  
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corresponding increase in the pe rc entage of dormant shoots. Abou t-
65% of the shoot s in the upland in poor ran� e condition were  dormant 
by September 20, compared to nearly 25% in the lightly g razed upland 
in good range condition . 
At  the first observation date (June 11) for plants which 
emerged be tween May 29 ard June 1 1, about 65% of the shoots in the 
upland in good rang e condition were damag ed, compared to less than 
1 1% in the upland in poor range condition. Damage to the shoots in 
both upland areas at  the June 1 1  observation dat e was due mainly to 
the loss of the older leaf on the shoot. The maximum perc entage of 
gree n damaged shoots ( 100 .0  versus 94.6)  was reached by July 13 in 
the uplands in good and poor rang e condit'ion, respec tively. After 
this date, the dec r ease in the percentag e of g re en damaged shoots 
was again more rapid in the upland in poor range condition, espe­
cially between the last two observation dates. Shoots which emerg ed 
be tween May 29 and June 1 1  had much higher initial percentages of 
g reen damaged culms than earlier emerging shoots, especially in the 
uplard in good rang e condition. After August 7, shoots which emerg ed 
later ( May 29 to June 1 1) had smaller percentages of g reen damaged 
shoots due to the large r  percentag es of dormant culms. 
The rang e condition x observation date interac tion was highly 
significant (P < .0 1 )  for the percentag es of g reen damaged and dormant 
shoots (Table 22) . These interactions are presented g raphically in 
Fig. 9 (compare Appendix Table 8 ) . At the June 1 1  observation date, 
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Fig . 9 .  Effect  of range c ondi t i on and . obs ervati on date  
on  the percentages of  gre en damaged and d ormant west­
ern wheatgrass shoot s ,  May 1-14 and May 29-June 11  
emergence ,  c layey upland . Analyses  of varianc e are 
shown in Tabl e 22 . Dott ed l ines indi c at e  value s not 
included i n  the analyse s of vari ance .  
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nearly 50% of the shoo ts in the upland in poor range condition and 
nearly 80% of the shoots in the upland in good range condition were 
damaged as a result of the loss of the oldest, lower-most leaves on 
the shoo ts. At all observation dates, the upland in good range con-
di tion had a higher percentage of green damaged shoots and, conse-
quently, a lower percentage of dormant shoots. The percentages of 
dormant shoots in both upland sampling areas were less than 2% until 
June 25. From this time on there was a steady increase in the per­
centage of dormant shoots in both areas, although the upland in poor 
range condition always had the greater proportion. From September 
6 to September 20, the dormant shoots in the upland in poor range 
condition increased from 33.6 to 70. 0%. 
Although the range condition x observation date interaction 
was not significant for the percentage of partly dead leaves, it was 
highly significant (P < . 0 1) for the percentages of green damaged and 
dead leaves (Table 22) . These interactions are presented graphically 
in Fig. 10 (compare Appendix Table 15 ) .  The percentages of green 
damaged leaves in the two upland ?ampling areas were similar (about 
2% or less ) from June 11  through June 25. After June 25, the per ­
centage of green damaged leaves in the upland in good range condition 
increased to nearly 15% by August 7 and declined slightly after that 
time. The green damaged leaves in the upland in poor range condition 
increased to 5. 3% by August 22, then decreased slightly a t  the later 
observation dates. From July 13 through September 20, the percentage 
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Fig . 10 . Effec t of range c ondi t i on and . observati on date  
on the perc entages of  green damaged , partly d ead and 
dead western wheatgras s  leaves , May 1-14 and May 29 -
June 11 emergenc e ,  c layey upland . Analyses  of vari­
ance are shown in  Table 22 . Dotted l ines  i nd i c at e  
values not inc luded in  the analyses  of varianc e .  
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of green damaged shoots in the upland in good range condition was 
higher than in the upland in poor range condition. The proportion 
of partly dead leaves behaved similarly in the two upland sampling 
areas at al l observation dates . The percentage of dead leaves by 
June 11 was nearly twice as great in the upland in good range con­
dition as in the upland in poor range condition . The percentage 
dead leaves in both upland areas was similar from June 25 through 
July 22. From July 22 to August 7, the proportion of dead leaves 
increased more rapidly in the area in  poor range condition. By 
September 20, over 90% of the leaves from shoots in the up land in 
poor rang� condition were dead; whereas, slight ly over 80% of the 
leaves from shoots i n  the upland in good range condition were dead. 
However, shoots of comparable age in the upland in poor range condi­
tion had fewer leaves than those from the upland in good range condi­
tion . 
Effect of Range Site, Range Condition, and Emergence 
Date .Q.Q Seedstalk Production 
Seedstalk production in the three sampling areas was very low .  
The percentages and average lengths of seedstalks produced from each 
sampling area, emergence date, and observation date are presented in 
Table 23. Seedstalk production in western wheatgrass is normally 
quite i rregular, the culms tending to produce seedstalks only when 
environmental conditions are favorable . Thus, the small  percentages 
87 
of tagged shoots that produced seedstalks is not surprising � 
Effect of range site 
Shoots whi ch emerged in early April produced more than three 
times as many seedstalks in the lightly grazed drainage-way as in 
the lightly grazed upland (8.0 versus 2.7%, Table 23). Run-in 
water from spring rains helped to make the drainage-way more favorable 
for seedstalk production. Consequently, shoots in the drainage-way 
began developing seedstalks earlier than those in the lightly grazed 
upland. However, seedstalks were shorter in the d rainage-way than 
on the upland, probably because of intense competition in the dense 
stand of western wheatgrass in . the swale. 
Effect ,Qi range condition 
No seedstalks were produced from the shoots in the heavily 
grazed upland in poor range condition at either emergence date. Shoots 
which emerged between May l and 14 in the upland in good range condi­
tion produced 1. 4% seedstalks by June 25, but those which emerged 
between May 29 and June 11 produced no seedstalks (Table 23) . 
Effect of emergence date 
While 8% of the shoots in the drainage-way which emerged in  
early April produced seedstalks, none of those whi ch emerged in early 
May produced seedstalks. Likewise, in  the li ghtly grazed upland only 
one-half as many shoots that emerged in early May produced seedstalks 
( 1 .4%)  as in early April (2.7% ) .  
Table 23. Effect of range site, range condition, and emergence date on western wheatgrass seed- · 
stalk production. 
Emergence Date April 
Past Grazing Intensity Light 
Range Site Clayey 
Drainage-way 
Range Condition Good 
Observa tion Date 
April 15 
April 30 
May 14 
May 28 
June 11 
June 25 
July 13 
July 22 
August 7 
August 23 
September 6 
September 20 
% 
o . o  
o . o 
o . o  
o . o 
2.7 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
Length 
cm 
29.6 
45. 5 
50.4 
50 . 1  
49.8  
44.0 
34.6 
30. 8 
1- 15 J/ 
Light 
C layey 
Upland 
Good 
% 
o . o 
o . o 
o . o  
o . o 
o . o  
1. 3 
2.7 
2.7 
2 . 7  
2.7 
2.7 
2.7 
Length 
cm 
64.6 
63.8 
63.8 
58.8 
58.0 
57. 5  
56. 7 
Light 
Clayey 
Drai nage-way 
Good 
% 
o . o 
o . o 
o .o 
o . o 
o . o 
o . o 
o . o  
o . o  
o . o  
o . o  
o . o 
o . o  
Length 
cm 
May 1- 14 Y 
Light 
Clayey 
Upland 
% 
o . o  
o . o  
o . o  
o . o  
o . o 
1.4 
1. 4 
1 . 4 
1.4 
1 . 4 
1. 4 
1. 4 
Good 
Length 
cm 
37 . 8  
47.0 
46.6 
46 .9  
46. 1 
46. 1 
36.9 
l.// April 1- 15 emergence : percentages based on 75 culms/sampling area. 
l May 1- 14 emergence: perc�ntages based on 74 culms/sampling area. 
% 
o . o  
o . o 
o . o  
o . o 
o . o 
o . o 
o . o 
o . o  
o . o 
o . o  
o . o  
o . o  
Heavy 
Clayey 
Upland 
Poor 
Length 
cm 
CX) 
co 
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Maximum seedstalk elongation occurred by July 1 3  regardless 
of range site or emergence date. In  the lightly grazed upland, 
seedstalks from shoots which emerged between May 1 and 14 were 17.6 
cm shorter at maximum elongation than those which emerged between 
April 1 and . 15. 
I n  general, the seedstalk producing plants in the two lightly 
grazed sites declined in average length after July 13 . I n  some in­
stances the seedstalk, spike, or part of the spike broke, thus caus­
irg the average seedstalk length to decrease. This decrease was 
especially evident in shoots emerging between April l and 15 in the 
drainage-way where the average seedstalk lengths declined by nearly 
20 cm between the July 13 and September 20 observation dates. As 
stated earlier, grasshopper numbers increased greatly after the 
first week in July . Much of this decrease in average seedstalk 
length was undoubtedly due to grazing by grasshoppers. 
Effect of  Range Site and Range Condition on 
Height and_ Location of the Apical Meristem 
Heights of the apical meristem in relation to shoot length 
from May 14 through September 6 are presented in Fig. 11 and 1 2 . 
The location of the apical meristem between two particular leaves 
is shown in relation to the number of leaves per shoot in Fig . 1 3  
and 14. Means and standard deviations by leaf class and sampling 
area for height and location of apical meristem, shoot length, and 
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5/14 5/28 6/11 6/25 7/13 7/22 8/7 8/23 9/6 
Sampling Date 
Fig . 11 . Effect  of range s i t e  on shoot l ength and 
height of api cal meri stem of wes t ern wheatgrass , 
good range condi t i on .  Values are means of from 
60 to  180 measurements .  
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Fig .  12 . Effect  of  range cond i t i on on shoot length 
and height of api cal merl stem of we stern wheat­
grass , c layey upland . Values are means of from 
JO to  180  measurements . 
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F1g . l J .  Effect of range site  on number of leaves per western wheatgrass shoot 
and locati on of apical meri stem ,  good range condi t i on .  Values are means of 
from 60 to 180 measurements . 
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Fig . 14 . Effect of range condi tion on number of leaves  per wes tern wheatgrass 
shoot and locati on of apical meri stem , clayey upland . Values are means of 
from JO to 180 measurements .  
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leaf number are given in the appendix ( Tables 16, 17, and 18 .) .  
Western wheatgrass shoots were collected at random from 
the most abundant length and leaf classes at each sampling date . 
Emergence dates were not known . The shoot elongation and leaf 
development curves are similar to those for the tagged plants with 
known emergence dates (Fig . 1 through 4) . 
Changes in apical meristem heights were closely paralleled 
by changes in shoot length (Fig . 11 and 12) . Location of the api­
cal meristem was also closely related to the number of leaves per 
culm ( Fig . 13 and 14) . Branson ( 1953) found a parallel relation­
ship between apical meristem height and shoot length at va rious 
stages of growth in western wheatgrass in  central Nebraska. 
Effect of range site 
The apical meristems of shoots collected in the l ightly 
grazed upland and the lightly grazed drainage-way were still below 
ground on May 14 (Fig . 11) . By May 28, the growing points were 
above the soil surface in both range sites . Mean heights were 3.0 
and 2 . 2  cm, respectively, for the drainage-way and the upland . 
Shoot length and height of the apical meristem from plants 
in both range sites steadily increased until August 7 and remained 
constant thereafter . Apical meristems of plants from the drainage­
way were elevated to a position in reach of grazing animals earlier 
than plants from the upland .  By August 7, the average height of the 
apical meristems in the drainage-way was about 9 cm higher than in 
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the upland (Fig. 11) . The additional water· which the swale received 
produced longer plants with higher apical meristems than the closely 
adjacent upland . 
After June 25, the rate of elevation of the apical meristems 
was very slow in the upland but elevation continued rapidly in the 
swale until after July 22. 
Shoot lengths were more variable within dates than apical 
meristem heights. Fluctuations were most apparent in the lightly 
grazed upland, and were probably the result of inadequate sampling . 
The location of the apical meristem followed the increase in 
number of leaves per culm very closely. In  the upland, the average 
location of the apical meristem did not change after August 7 but 
remained between the fifth and sixth leaves (Fig. 13 ) .  I n  the 
drainage-way, the average location of the apical meristem did not 
change after August 7 but remained between the si xth and seventh 
leaves (Fig. 13) . The average height of the apical meristem did not 
change after this time (Fig . 11). 
Effect of range condition 
The growing points of plants collected in the upland in good 
range condition and in the upland in poor range condition were still 
below ground on May 14 ( Fig. 12). By May 28, growing points from the 
upland in good range condition were 2. 2 cm above the soil surface ; 
whereas , those from the upland in poor range condition which began 
growth later were still below the soil surface . Thus , the apical 
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meristems of shoots from the upland in good range condition were ele­
vated to a height vulnerable to grazing earlier than those on the pas­
ture in poor range condition . Maximum height of the growing point was 
reached by August 7 (16 .8 cm) by shoots from the lightly grazed up­
land and by July 22 (5 .9 cm) by shoots from the heavily grazed upland 
(Fig. 12) . Since only shoots with intact tips were studied, the 
gradual decline in average plant length after July 13 (Fig. 12) is 
probably due to inadequate sampling or to selective grasshopper feed­
ing on taller plants. 
The location of the apical meristem closely paralleled leaf 
development in each sampling area. The average locat1 on of the 
apical meristem from plants in· the upland in good range condition 
remained between the fifth and sixth leaves after August 7. In  the 
upland in poor range condition, the average location of the apical 
meristem did not change after July 13, but remained between the third 
and fourth leaves (Fig .  14 ) . Likewise, height of the growing point 
in this sampling area did not change appreciably after July 13 (Fig . 
18).  
Since western wheatgrass shoots from the pasture in  poor range 
condition were shorter, had fewer seedstalks , elevated the apical 
meristem within reach of grazing animals later and the growing point 
remained lower, these shoots would be expected to be more resistant 
to grazing than their counterparts in the pasture in good range condi­
tion (Branson, 1953). Western wheatgrass declined rapidly in percent 
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by weight of the vegetation under heavy gr .azing in the early _years of 
the intensity of grazing study at Cottonwood. However, changes in 
the past ten years have been very small (Lewis, unpublished data). 
Equations for predicting the hei ght and location of the apical meri­
stem in pastures in good and poor range condition 
Since the height and location of the apical meristem was 
closely related to shoot length and number of leaves per shoot, 
multiple regression analyses were conducted (Steel and Torrie, 1960 ) 
with height and location of the apical meristem as the dependent 
variables and shoot length, shoot length squared, leaf class (number 
of leaves per shoot) , and leaf class squared as random independent 
variables. In some analyses, data were . pooled from all sampling 
areas. In others, shoots from the two range sites in good range 
condition were pooled while those from the pasture in poor range con­
dition were analyzed separately. Independent variables were deleted 
from the analyses one at a time and the multiple correlation coeffi­
cients recorded (Table 24). If R2 was appreciably reduced by 
delet1 1 �  a vari able, that variable was included in the prediction 
equation. Since a much smaller proportion of the variance was ac­
counted for by the independent variables with shoots from the upland 
in poor range condition than from the two areas in good range condi­
tion, prediction equations were formulated separately for good and 
poor range condition. 
The generalized multi ple regression equation used was· 
A 
y = y + byl · 23(Xl-xl) + by2 •13(X2-x2) + by3 ·12(X3-x3) 
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where: Y is the predicted height or locati on of the apical m�ristem; 
y is the mean height or location of the api cal meristem in the ori­
ginal sample; bi are the partial regression coefficients of Y on Xi 
when other variables are constant; Xi are the independent variables 
measured in a sample from which Y is to be predicted; and xi are the 
means of the independent variables in the original sample. 
The equations used for predicting the height and location of 
the apical meristem of western wheatgrass shoots in pastures in good 
and poor range condition are shown in Table 25. 
Application of equations for predicting the height and location 
of the apical meristem 
The prediction equations for areas in good range condition 
formulated from the 1964 apical meristem measurement data were used 
to determine their accuracy in predicting the height and location of 
the apical meristem in western wheatgrass shoots collected in 1966 
at the Cottonwood Range Field Station in mid-May and mid-July and 
at the Oakwood Lakes State Park in Brookings County in mid-August . 
Correlation coeffici ents between predicted ard actual height 
and location of the apical meristems were 0.98 for all collection 
dates and both sampling locati ons . Regression coefficients were 
very close to one (Table 26) for growing point heights , but were 
0 .80 for location of the apical meri stem at Cottonwood in midsummer . 
Table 24. Independent variables and multiple correlation coeffi­
cients considered in the formulation of equations to predict 
the height and location of the apical meristem. 
Parameters Predicted 
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Variables 
Consideredl/ 
Sampli
/
g Height of  AM Location of AM 
2 2 SL, SL , LC, LC 
SL
2 
LC LC2 ' ' 
2 SL, LC,LC 
SL2, LC 
Areas� 
All areas 
ffi U  
LGU, LGD 
All areas 
HGU 
All areas 
ffi U  
LGU, LGD 
ffiU 
LGU, LGD 
All areas 
LGU, LGD 
R2 R2 
0. 904 0. 904 
0. 805 0. 829 
0. 9 14 0. 928 
0. 903 0. 903 
0.805 0.827 
0. 775 0. 902 
0.754 0.826* 
0. 804 0. 926* 
0. 804* 0. 827 
0. 907 0. 928 
0. 902 0.884 
0. 9 14 0. 908 
2 
SL, SL  , LC LGU, LGD 0.9 14* 0. 9 18 
i/ SL = Shoot length; LC = Leaf class. 
y ffi U  = Heavil y grazed upland; LGU = Lightly grazed upland; LGD = 
Lightly grazed drainage-way. 
* These analyses were used in the formulation of the prediction 
equations. 
Nearly all of the 200 shoots collected on May 20, 1966 from 
the lightly grazed upland and drainage-way at Cottonwood were found 
to have the apical meristem below the soil surface although the pre­
diction equations consistently estimated the height of the apical 
meristem as being one to several centimeters above the soil surface 
at this time. Development of the vegetation was later in 1966 than 
Table 25. Multiple regression equations for predicting the height and location of the apical 
meristem in western wheatgrass shoots. 
Range 
Condition 
Good 
Poor 
Height of AM 
Multiple 
Regression Equation 
� = 15 .6 - . 09 (SL-32.9) + .Ol (SL 2-3 2 .92) + 2 .41(LC-6 .4) 
A 
Location of AM Y =  6 .09 + 2 . 03 ( LC-6 .4 1 )  - . 08 ( Lc2-6 .412) 
A 
Height of AM Y = 4.5 + . 2l (SL-18. 3) + .73(LC-4.8) + . lO ( LC2-4 . 82) 
A 
Location of AM Y =  4 . 19 + l .67 (LC-4 .84) - .o5 (Lc2-4 .842) 
R2 
0.9 14 
0 . 805 
0.804 
0 . 755 
f--' 
0 
0 
J -- � 
Table 26 . Predi cted and actual hei ght and location of the apical meristem in western wheatgrass 
from two sampling areas . 
Cottonwood Range Cottonwood Range Oakwood Lakes Cottonwood Range Stati on 
Field Stati on Field Stati on State Park and Oakwood State Park 
mid-May mid-July early August midsummer all dates 
Number of shoots 200 68 80 148 348 
Predicted hei ght of AM, cm 1.3 4.9 21 . 5  13 .9 6 .7 
Actual hei ght of AM , cm 0 . 1 4 . 3 20 . 9  13 . 2  5 .7 
Correlati on coefficient 0 . 23 0.82 0 . 98 0 . 98 0 .98 
Regressi on coefficient 0 .06 0 .67 0 .95 0 . 97 0 .99 
Predi cted locati on of Awl/ 2.0 2 .0 6 . o 4 .0 3 .0 
Actual location of AM LO 3 .0 6 .0 5 . 0 3 .0 
Correlation coeffici ent 0 .06 0 .99 0 .93  0.98 o . s1 
Regressi on coeffi cient 0 .04 o .65 0 . 87 0 .80 o .64 
1/ Values for predi cted and actual location of the api cal meristem are coded as fo l lows: 
01 = Below soil  surface . 
02 = Below fi r st leaf . 
03 = Between fi rst and second leaves. 
04 = Between second and thi rd leaves. 
05 = Between thi rd and fourth leaves . 
06 = Between fourth and fifth leaves . 
I-' 
0 
I-' 
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i n  1964 due to the cool, dry spring . The growi ng season precipita­
ti on during the spring and ear ly  summer o f  1966 was much below normal 
and produced noticeable ef fects on the growth of  the vegetation . Thu� 
western wheatgrass sho ots were shorter and had fewer leaves in May, 
1966 than in 1964 . 
I n  mid-July at Cottonwood , the average actual apical meristem 
height o f  68 culms was 4 . 3 cm, only 0. 7 cm less than the predicted 
value . 
When the measurements o f  all 348 shoots collected in 1966 were 
pooled, the mean predicted height o f  the apical meristem was 6.7 cm 
compared with the actual value o_f 5 . 7 cm (Table 26) . The higher value 
o f  the prediction was due mainly to overestimation in early spring 
when most o f  the growing points were still below the surface . However, 
the predicted values were very small; consequently, the deviations 
from the predicted values were very small as indicated by the correla­
tion coefficient o f  0 .98 . Nevertheless, the equation has the least 
value for use in early spring . 
When measurements from the mid-July collection from a clayey 
range site, 15-inch precipitation zone at Cottonwo od, and the early 
August col lection from a silty range site, 22-inch precipitation zone 
at Oakwood Lakes were averaged together, the mean predicted apical 
meristem height was 13 . 9  cm , only Q . 7 cm higher than the actual 
(Table 26 ) . 
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Effect of Range Site and Range Condition on the - --
Total Available Carbohydrate 
Concentration in Rhizomes 
Total available carbohydrate concentrations by sampling areas, 
sampling dates, and replications are shown in Tables 27 and 28. 
Means of the replications are presented graphically in Fig. 15. Analy­
ses of variance are given in Tables 29 and 30. 
Following winter dormancy, western wheatgrass plants in all 
three sampling areas began growth with relatively low food reserves. 
Plants which were sampled in the two lightly grazed pastures in good 
range condition emerged at approximately the same time between April 
l and 15. However, no emergence occurred in the pasture in poor range 
condition until early May. At the first two sampling dates, differ­
ences due to range site and sampling date were not significant (Table 
29). Plants in the lightly grazed upland and in the lightly grazed 
drainage-way began growth in the spring wi th nearly equal carbohydrate 
concentrations of 22.8 and 22.3 mg of total available carbohydrates 
(TAC) per gram of air-dry rhizome_ material ( Table 27) � However, 
plants in the drainage-way increased in TAC from April 18 to May 5 
while those from the upland decreased ( Table · 27) ,  resulting in a 
significant  sampling area x sampling date interac tion (Table 29). 
In general, previous workers (see pages 17 through 24 ) found that 
carbohydrate reserves in perennial grasses varied inversely with 
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Table 27 . Effect of range site on concentration of total available 
carbrydrates in rhizomes of western wheatgrass, April 18
. and May 
5 .  l 
Sampling Date 
Sampling Area Rep . 4/18 5/5 Mean 
Lightly Grazed Upland l 24 .8 21 . 6  
Good Range Condition 2 20 .8 21.8 
22 .8 24 .0 
X 22 .8  22 . 5  22 .6  
Lightly Grazed Drai nage- l 19 . 4  30 . 4  
way, Good Range 2 24 .0 23. 2  
Condition 3 23 .4  28 . 2  
X 22 . 3  27 . 3  24 .8 
Mean 22 .6 24. 9  23. 7 
1./ Each value is a mean of two determinations and is expressed in 
milligram of TAC per gram of air dry rhizome material . 
plant growth, declining during early growth, then gradually increasing 
until dormancy began, with a temporary decline during flowering and 
seedstalk formation . I n  this study a slight decrease in TAC after 
green-up occurred only in the lightly grazed upland between April 18 
and May 15 ( Fig . 15) . 
Seasonlong TAC (May 15 through October 20) was significantly 
lower (P < .05) for plants from the upland in poor range condition than 
from the upland and drainage-way in good range condition : 33 . 7  versus 
35.4 and 36. 2 mg, respectively (Table 28). However, from July 8 
through October 20, the carbohydrate concentrations in all three samp­
ling areas were approximately equal (Table 28, Fig . 15 ).  Range site 
had no significant effect on seasonlong accumulation of TAC (Table 28) . 
Table 28. Effect of range site and range condition on concentra tion of to ��� 1available c a rbo­
hydrates in rhizomes of western wheatgrass, May 15 through October 20. l;.::1 
Sampl l l)9  
Area §.; Rep. 
LGU 
GC 
LGD 
GC 
ffiU 
PC 
1 
2 
3 
X 
1 
2 
3 
1 
2 
3 
X 
5/15 5/29 6/13 6/28 
Sampling Date 
7/8 7/25 8/7 8/20 
3 5 3 3 3 18.73 29.6 38.0 38 . 7  35.9 40. 2 40. 2 39.8 5 5 3 3 17 .7  20 .8 32 .0 30.8 25.5  40 .4 9. 1 38 .83 3 5 3 27.8 30 . 2  39.6 38 .6  31.9 40 . 8  41 . 2  40 . 2  
21.4 26.9 36 .5  36 .0  31. 1 40 .5 40. 2 39.6 
5 3 
30.6 32.0 29.0 35.9 39. 1 39 .0 40 . 0  39 . 2  
4 5 3 3 5 29.6 32 .0 33 .8  39 .4 32 . 2  39 .6 40.4 33 .7  
1 5 3 3 33.4 26.6 30 �5 38.9 28.4 39. 2 40 .4  37. 2 
31 . 2  30. 2 3 1. 1 38. 1 33. 2 39. 3 40. 3 36.7 
12.8 
16. 2 
13.6 
14 . 2  
5 3 21.6 30 .4 26.6  39.8 39 . 2  40. 4
3 
39.6 
29.8 31.6 29 .4� 36.03 39.6 40.83 
39.6� 
18 .0 32.0 28.4 28.0 39 . 2  40.4 40 . 0  
23 . 1  31.3  28 . 1  34.6 39. 3 40.5 39.7 
9/2 9/17 10/20 
3 3 38. 4
3 
39.6 40. 4
3 39. 2
6 
39 . 2 41. 2
3 33.6 40 .0  40.8 
37. 1 39 .6  40.8 
3 3 
38 .8
3 
38 .4 40 . 8
3 39.0
3 
38.4 39. 2
3 39 .6  39. 2 40. 4 
39. 1 38.7 40. 1 
3 3 39.43 39 . 2  39. 23 40 . 4
3 
39 . 2  41. 13 40. 0 39.4 41. 2 
39 .9 39 . 3  40.5 
Mean JJ d c b b b a a a a a a 22 . 3  26.7  33.0 34. 1 33.0 39.7 40. 3 38.7 38 .7 39 . 2  40.5 
1./ Values a re milligrams of TAC per gram of air dry rhizome material . 
Y Each value is a mean of two determinations ,  except as indicated . 
� Values are means of four determinations. 
t
i 
Values are means of three determinations . 
� Values are means of six determinations. 
Mean 1/ 
35.4 a 
36. 2a 
33 .7b 
35. 1 
Y Values are means of ten determinations . 
Y Means with the same superscript in the same row or  column do not differ signific antly at the 
5% level . 
§/ LGU = Lightly grazed upland, LGD = Lightly grazed drainage-way; I-GU = Heavily grazed upla nd; 
GC = Good range condition; PC = Poor range condition. I-" 0 
Q\ 
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Table 29. Analysis of variance of the effect of range si te on the 
concentrati on of total ava i lable carbo hydrates i n  rhizomes of  
western wheatgrass, Apri l 18  and May 5. 
Source 
Sampling Areas (S) 
Sampling Dates (D) 
s X D 
Replicatio ns (R)/SD 
Duplicates/R/SD 
* Significant at the 5% level. 
df 
1 
1 
1 
12 
8 
Mean Squares 
27. 31  
32. 7 1  
42.62* 
7.7 1* 
1 . 6 5  
Table 30. Ana lysis of variance of the effect of  range site  and range 
condition on  the concentrati on of total avai lable carbohydrates 
in rhizomes of  western wheatgrass, May 29 through October 20. 
Source 
Sampling Areas ( S ) 
Sampling Dates (D ) 
s X D 
Replications ( R ) /SD 
Dupl icates/R/SD 
** Si gnificant at the 1% level. 
* Significant at the 5% level. 
df Mean Squares 
2 134 . 17* 
10 883. 92H-
20 1 10. 70H-
66 29. 03H-
226 0.84 
These data suggest that deferment of grazing unti l mid-July  would be 
adequate to restore carbohydrate reserves in western wheatgrass in 
years in which fal l growth is unimportant. 
In general, TAC increased steadily in all  three sampling areas 
until July 25. Differences in  TAC were not significant fro m  July 25 
to the end of the season. Between June 13 and July B, no significant 
differences in the concentration of TAC occurred. However, between 
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July 8 and July 25, carbohydrate concentrations from all sampling 
areas increased rapidly and differences between these two d ates were 
significant (Table 28 ) . 
Range condition greatly affected the concen�ration of carbo­
hydrate reserves when growth first began in the spring. Plants in 
the heavily grazed upland in poor range condition began growth with 
only 14. 2 mg of TAC per gram of rhizome material (Table 28) . How­
ever, these plants were delayed from three weeks to a month before 
emerging. Thus, rhizomes from plants in the heavily grazed upland 
had a longer period of dormancy in which to use up stored carbo­
hydrates by cellular respiration. 
Although plants from the upland in poor range condition 
emerged later, became dormant earlier, were much shorter and had 
fewer leaves per shoot, their concentration of TAC increased even 
more rapidly after emergence than those in the lightly grazed samp­
ling areas. This was contrary to expectations. However, these 
results were consistent with those of Weinmann (1944) who reported 
that increasing severity of harvest of some grasses in South Africa 
did not result in a decreased percentage of carbohydrate reserves, 
but me rely in a reduction in the weight of the storage organs. 
Rhizomes found in the upland in poor range condition were fewer and 
much shorter than those in the lightly grazed upland in good range con­
dition. However, no measurements were taken. 
Differences among sampling dates were highly significant 
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( P <.01) . Total avail able carbohydrate actumul ations between samp­
ling dates in each sampling area fluctuated erraticly, resulting in 
a highly significant (P <:" . 01) samp ling area x sampling date inter­
action (Table 30). No satisfactory explanation can be given for the 
sharp drop in TAC which occurred in the two lightly grazed sampling 
areas at the July 8 collection date or for the June 28 decrease 
which occurred in the heavily grazed sampling area ( Fig 15 ) .  
Aldous (1930) and Lindahl et al. (1949) also found erratic fluctua­
tions in food reserves in grasses that were contrary to physiologi-
cal principles of grass growth and which they could not explain 
satisfactorily . Lindahl et al. ( 1949) suggested that vagaries in 
sampling accounted for the erratic values . Errors in chemical 
analysis for TAC might have been a factor . However, each sample was 
analyzed in duplicate and samples with erratic values were reanalyzed. 
Soil moisture and temperature appeared to be relatively stable when 
the TAC fluctuations occurred . Very few of the western wheatgrass 
plants in the two lightly grazed sampling areas and none in the heavily 
grazed sampling area produced seedstalks . Thus, it was doubtful that 
flowering and seed formation were responsible for the decline in TAC. 
Differences among replications within sampling areas and samp­
ling dates were highly significant (P < . 01 Table 30) . Replication 
means within each sampling date varied by as much as 25% of the samp­
ling area mean at each sampling date . This variability may have been 
due to microhabitat differences although the replications within each 
sampling area were selected prior to the start of the study to be as 
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uniform as possible in soil, slope, and composition and density of the 
vegetation . In the very small plots in the drainage-way, differences 
between replications could have been due to genetic differences be­
tween clones . 
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SUMMARY AND CONCLUS I ONS 
During the 1964 growing season, studies in the growth and 
development of western wheatgrass were conducted at the Cottonwood 
Range Field Station, Cottonwood, South Dakota. The objectives were 
to determine the effect of range site and range condition on: (1 ) 
shoot length and leaf development, (2) seedstalk production, (3) 
shoot and leaf condition, (4) height and location of the apical meri­
stem, and (5 ) total available carbohydrate concentrations in western 
wheatgrass rhizomes. In a lightly grazed summer-use pasture in good 
range condition, two sampling areas were selected -- one in a small 
drainage-way with silty clay loam soils, the other on a gently slop­
ing upland with silty clay soils . In a .heavily grazed summer-use 
pasture in poor range condition, a gently sloping upland with silty 
clay soils was chosen, comparable to the upland in good range condi­
tion . 
Species composition in the three sampling areas showed marked 
differences. Buffalograss and needleleaf sedge were the dominant 
species in the heavily grazed upland; whereas, western · wheatgrass and 
Japanese brome were dominant in both lightly grazed sampling areas . 
Japanese brome had no significant effect on the production of western 
wheatgrass. Foliage production in 1964 in the lightly grazed upland, 
lightly grazed drainage-way, and the heavily grazed upland sampling 
areas was 2216, 4605, and 1052 lb/acre, respectively. Mulch produc­
tion was 1527, 760, and 142 lb/acre for the lightly grazed upland, 
lightly grazed drainage-way and heavily grazed upland, respectively. 
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I n  each sampling area, differences in shoot length arxl leaf 
number due to emergence date were highly significant (P < .01) , but 
the emergence date x observation date interaction was not signifi­
cant in any of the areas. 
Range site had no effect on the time emergence began . Ef­
fects of range site on initial means and seasonal means of shoot 
length and leaf number varied with emergence date. Shoots which 
emerged earlier were longer and h ad more leaves than t hose which 
emerged later. However, mean length and leaf number at the first 
observation date after emergence were greater for shoots which 
emerged later. Plants which emerged between April 1 and 15 in the 
drainage�way were lo nger and had more leaves than those of comparable 
age on the upland. This was probably due to the more favorable mois­
ture conditio ns in the drainage-way early in the season. 
Season-long means of length of shoots which emerged between 
April 1 and 15 and between May 1 and 14 were 19.4 and 19 . l  cm, 
respectively, for the lightly grazed drainage-way. Season-long 
means of leaf number of shoots which emerged between April 1 and 15 
and between May 1 and 14 were 5. 1 ard 5 . 1  l eaves, respectively, for 
the uplarrl and 5.4 and 4 . 4 leaves, respectively, for the drainage-way. 
Earlier emerging shoots had a faster rate of elongation, but leaf 
development proceeded similarly in the two lightly grazed areas 
regardless of emergence date. 
Shoots in the heavily grazed upland in poor range condition 
emerged about 3 weeks to a month later than those in the lightly 
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grazed upland in good range condition . Me.an length and leaf .number 
of shoots were greater in the upland in good range condition than in 
the upland in poor range condition . Initial length and leaf number 
at the first observation date after emergence were directly propor­
tional to emergence date . 
Season-long least squares means of length of shoots which 
emerged between May 1 and 14 and between May 29 and June 11 were 
19.1 and 13. 7 cm , respectively, for the lightly grazed upland in 
good range condition and 13 .1 and 11.4 cm, respectively, for the 
heavily grazed upland in poor range condition. Season-long least 
squares means of leaf number of shoots which emerged between May 1 
and 14 and between May 29 and . June 11 were 5.1 and 3. 6 leaves, re­
spectively, for the upland in good range condition and 4.1 and 3.6 
leaves, respectively, for the upland in poor range condition. 
Emergence date had little effect on the rate of elongation or leaf 
development as the growth curves were nearly parallel . The rate of 
elongation and leaf development was slightly faster in the upland in 
good range condition than in the upland in poor range condition . 
Seedstalk production was low in all sampling areas. Shoots 
in the lightly grazed drainage-way produced about twice as many 
seedstalks as those in the lightly grazed upland (8.0 versus 4. 1%). 
No seedstalks were produced in the pasture in poor range condition. 
Most of the seedstalks were produced from shoots which emerged be­
tween April 1 and 1 5. From the May 1-14 emergence, only 1 .4% of the 
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culms in the upland produced seedstalks; the drainage-way produced 
none. No seedstalks were produced from the May 29 to June 1 1  
emergence in any sampling area. 
Differences between range sites, emergence dates and among 
observation dates were highly significant (P < .01) for most shoot 
and leaf condition categories . The percentage of partly dead 
leaves did not differ si gnificantly between either range sites or 
emergence dates. 
Culms which emerged between April l and 15 had similar per­
centages of green damaged and dormant shoots throughout the season . 
Shoots which emerged between May 1 and 14 behaved similarly until 
June 11. After this date, the drainage�way had a higher percentage 
of dormant shoots and a lower percentage of green damaged shoots. 
While there was little difference in the percentage of green dam­
aged or partly dead leaves early in the season, the proportion of 
green damaged leaves was consistently greater in the drainage-way 
than in the upland after June 25. From May 14 until August 7, the 
highest percentage of dead leaves was observed in the drainage-way. 
However, after this date a higher percentage of dead leaves was 
observed on the upland. 
Differences between range condition classes and among ob­
servation dates were highly significant (P < .01) for all shoot 
and leaf condition categories. Between emergence dates, only  the 
differences in  the percentage of green damaged shoots were highly 
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si gnificant (P < .01). Differences between emergence dates in ·the 
percentage of dormant shoots and in the percentages of all three 
leaf condition categories were not significant. 
At all observation dates, the upland in good range condition 
had a higher percentage of green damaged and a lower percentage of 
dormant shoots than the upland in poor range condition . The great­
est increase in the percentage of dormant shoots occurred between 
the September 6 and September 20 observation dates in both upland 
sampling areas. From July 13 through September 20, the percentage 
of green damaged shoots in the upland in good range cord ition was 
higher than in the upland in poor range condition . The proportion 
of partly dead leaves behaved similarly .in the two upland sampling 
areas at all observation dates . The percentage of dead leaves by 
June 11 was nearly twice as great in the upland in good range con­
dition as in the upland in poor range condition, but from June 25 
through July 22, the percentage dead leaves was similar in both 
upland areas . After July 22, the proportion of dead leaves increased 
more rapidly in the area in poor range condition . 
Changes in the height of the apical meristem closely paralleled 
changes in shoot length in all sampling area·s regard less of range 
site or range condition . Maximum mean height of the apical meri-
stem in shoots from the lightly grazed drainage-way was about 9 cm 
greater than from the lightly grazed upland. The apical meristem 
was elevated to a height of 5 cm by June 4 in the drainage-way, by 
' 
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June 12 in the lightly grazed upland, but not until July 7 in the heav­
ily grazed upland. Changes in the location of the apical meristem 
closely paralleled changes in number of leaves in all sampling areas 
regardless of range site or range condition. By the end of the grow­
ing season, mean location of the apical meristem in the lightly 
grazed upland was between the fifth and sixth leaves at the same 
date. 
Mean maximum hei ght of the apical meristem from shoots in the 
lightly  grazed upland was about 11  cm greater than the mean maximum 
height of the apical meristem from shoots in the heavily grazed up­
land. By the end of the growing season, mean location of the apical 
meristem in the lightly grazed upland was between the fifth and 
sixth leaves; whereas, mean locati on of the apical meristem in the 
heavily grazed upland was between the third and fourth leaves at 
this time. 
Prediction equations devel oped from the 1964 data by multiple 
regression using shoot length, shoot length squared, leaf class and 
leaf class squared as independent variables, were used to estimate 
the height and location of the apical meristem in samples collected 
in 1966. The equations estimated the height and l ocation of the 
apical meristem closer from plants collected later in the growing 
season than from those collected earlier regardless of range site. 
Range site had little effect on the initial concentration of 
carbohydrate reserves following winter dormancy, and had no 
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significan t effect on season-long accumulations of total available 
carbohydrates ( TAC). 
Range condition had a large effect on the initial concentra­
tion of carbohydrate reserves. Plants in the heavily grazed upland 
were dormant longer and continued to use up reserves by respiration .  
Range condition produced a significant ( P , . 05 )  effect o n  season-long 
accumulation of TAC. The season-long mean of TAC concentration from 
plants i n  the upland in poor range cond i tion  was l ower than i n  the 
upland in good range condition. Differences among all sampli ng 
areas in TAC reserves were not si gnificant on July 13 and there­
after. Therefore, a spri ng deferment to early July i s  probably 
sufficient to restore TAC reserves in rhizomes of western wheatgrass. 
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APPENDIX 
Table  1 .  Common and botan i ca l  name s o f  p l ant s di scu s sed . 
Common nameij 
B luegrass , Kentucky 
Blue stem , big 
Blue stem , l ittle  
Brome , Japane se 
Brome , mountain 
Brome , smooth 
Bu ffalogra ss 
Canarygra ss , reed 
Crinkleawn sp . 
Drop seed , ta l l  
·Fe scue , Arizona 
Fe scue , reedY 
Fe scue , sixweeks 
Grama , blue 
Grama , sideoats  
Hardinggra ss  
Indiangra s s , ye l low 
Jaragua sp . 
Junegra ss ,  prairie 
Lovegra s s ,  weeping 
Muhly ,  mountain 
Muhly , stonyhi l l s  
Needle andthread 
Needlegra s s , Ca l i fornia  
Needl egra s s , green 
Orchardgra ss  
Pani cum ,  Scribner 
Botanica l  name and authority 
Poa praten si s L. 
Andropogon gerardi Vitman . 
Andropogon scoparious  Mi chx . 
Bromu s  japoni cu s  Thunb . 
Bromu s carinatu s Hook . and Arn . 
Bromus inermi s Ley s s .  
Buchloe da ctyloide s  ( Nutt . ) Eng lm . 
Pha l ari s arundina cea  L. 
Tra chypogon plumo su s var. montu fari ( Kunth ) Ha ck . ex Henr. 
Sporobolus  a sper (Mi chx . ) Kunth . 
Fe stuca ari zoni ca Va sey . 
Fe stuca arundina cea Schreb . 
Fe stuca o cto flora Wal t .  
Boute loua gra ci l i s (H .B .K . )  Lag .  ex Steud . 
Boute loua curtipendula  (Mi chx . ) Torr. 
Pha l ari s tubero sa var. stenoptera (Ha ck . ) Hitchc . 
Sorga strum nutan s (L. ) N a sh .  
Hyparrhenia  hirta (L . ) Stapf .  
Koe l eria cri stata (L . ) Pers . 
Eragro sti s curvul a  (Schrad . )  Nee s .  
Muhlenbergia montana (Nutt . )  Hitchc . 
Muhl enbergia cu spidata (Torr. ) Rydb . 
Stipa comata Trin . and Rupr. 
Stipa pul chra Hit chc . 
Stipa viridula  Trin . 
Da ctyl i s  glomerata L.  
Pani cum scribnerianum Na sh .  
I-' 
I\) 
Common nameJ/ 
Porcupinegrass 
Pricklypear, plains 
Red top 
Ricegrass , Indian 
Ryegrass, I talian 
Ryegrass, perennial 
Sedge, needleleaf 
Signalgrass sp. 
Sudangrass 
Switch cane 
Switchgrass 
Threeawn, red 
Timothy 
Tumblegrass 
Tussock, bluc2/ 
Tussock, fescue1/
/ Tussock, silverl 
Wheatgrass, bearded ·bluebunch 
Wheatgrass, crested
/ Wheatgrass, deserd 
Wheatgrass, slender
/ Wheatgrass, wester� 
Wildrye, Colorado 
Table 1 continued 
Botanical name and authority 
S tipa spartea Trin . 
Opuntia polycantha Haw . 
Agrostis alba L .  
Oryzopsis hymenoides (Roem . and S chult . )  Ricker. 
Lolium multiflorum Lam . 
Lolium perenne L .  
Carex eleocharis Bailey . 
Brachiaria serrata (Thunb . )  S tapf . 
Sorghum sudanense (Piper) S tapf . 
Arundinaria tecta (Walt . ) Muhl . 
Panicum virgatum L .  
Aristida longiseta S teud . 
Phleum pratense L .  
S chedonnardus paniculatus (Nutt . )  Trel . 
Poa colensoi L .  
Festuca novae-zealandiae L .  
Poa caespitosa L .  
Agropyron spi catum (Pursh) S cribn . and Smith . 
Agropyron cristatum (L. ) Gaertn . 
Agropyron desertorum (Fisch . )  S chu l t . 
Agropyron trachycaulum (Link) Malte . 
Agropyron smi thii Rydb . 
Elymus ambiguus Vasey and Scribn . 
Themeda triandra Forsk . 
Tristachya hispida (Thunb . )  Schum . 
I---' 
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Table 1 continued 
Common name 1/ Botanical name and authority 
1./ Except where noted, common names are from Kelsey and Dayton (1942 ). 
y Common name is from Chase (1950 ). 
y Common name is from Scott (1961 ). 
Y Common name is from Beetle (1961 ). 
1--' 
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Tabl e 2. Ef f ect of emergence date on me an shoo\ l ength of western whe a tgrass, lightly grazed 
clayey drainage-way, good range condition. l/ 
Observa tion Date 
Apri l 15 
Apri l 30 
May 14 
May 28 
June 11 
. Jt l r l < t  :Jr ) 
Ju l y  1 3  
July 22 
August 7 
August 23 
September 6 
September 20 
April 1-15 
Length Change 
cm 
7.0 
10.l  
12.1 
16. 2  
21. 4 
: 17 . '/ 
:JL. 2 
32. l  
31.5 
31. 2 
30.7 
29. 3  
cm 
3.1 
2. 0 
4._l 
5 . 2  
() . :l 
4 . 5  
-0. l  
-o . 6  
-0. 3 
-0. 5 
-1. 4 
Main Ef f ect of � i 23.5
a 
Emergence Date 9 
Emergence Da te 
May 1- 14 
Length Change 
cm 
7.6 
1 1. 2  
14.6  
1 'J • .  1 
'.!2. 7 
23.0 
22.0 
21. 3  
21.0 
20.7 
15.4b 
c.m 
3.6 
3. 4 
, ·, • 1. .  
3. 0 
0. 3 
-1.0 
-0.7 
-0. 3 
-0. 3 
May 29-June 1 1  
Length Ch ange 
cm cm 
Main Ef f ect  of 
Observation Da te JI 
Length Change 
cm 
3.0 f 
6. l e f 
9.9d e  
13. 7 c d  
18 .ob c  
:
1 .1 . -, • l h 
'
ZI . 4 , i 
27 .6 a 
26.8a 
26. 2a 
25. 8a 
25.0a 
cm 
3. 1 
3. 8 
3 . 8 
4. 3 
I I • • / 
3. ' /  
0. 2 
-0.8  
-0.6 
-0 . 4  
-0. 8 
lf Values are l east squares means. Analysis of va riance is shown i n  Table 14. 
l/ Values with the same superscript in the same row or column do not di ffer significantly at the 
5% level. Main e f fects are weighted means including zero values that occurred b efor e emergence. 
Table 3. Effect of emergence d ate on me9� shoot length of western wheatgrass, lightly grazed 
clayey upland, good range condition. l/ 
Emergence Date Main Effect of 2 , 
April 1-15 May 1-14 May 29-June 11 Observation Date � 
Length Change Length Change Length Change Length Change 
Observation Date cm cm cm cm cm cm cm cm 
April 15 6.6 f -- -- -- -- -- 3.7ef April 30 9.5 2.9 - - - - - - - - 6.6
d 
2. 9 
May 14 12. 3 2. 8 10. 2 - - -- -- 9 .6 e 3.0 
May 28 15. 2 2.9 12. 5  2. 3 -- -- 12. 2cd 2.6 
June 11 19. 3 4.1 15.7 3. 2 13.5 -- 15.9b 2.7 
June 25 22. 7 3.4 19.8 4 • .  1 16. 2 2.7 19.7 a 3.8 
July 13 25.0 2. 3 22.8 3.0 18.9 2. 9 22. 3a 2. 6 
July 22 25. 2  0. 2 22.7 -0.1 19.0 0.1 22.4a 0. 1 
August 7 24.7 -0.5 22. 3 -0. 4 18. 2 -0. 8 21.9a -0. 5 
August 23 24. 3 -0. 4 22.0 -0. 3 17.7  -0. 5 21.6 a -0. 3 
September 6 24. 2 -o .1 21 . 6  -0. 4 17 .8  0.1 21.4a -0. 2 
September 20 23.9 -0. 3 21 . 3  -0. 3 17 .6  -0. 2 21.l a -0. 3 
19.4a 16. 3b Main Effect of -- -- 13.7 
Emergence Date �/ 
.1/ Values are least squares means. The analysis of variance is shown in Table 13. 
�/ Values with the same supersc ript in same row or the same column do not differ signific antly 
at the 5% level. Mai n effects are weighted means included zero values that oc curred before 
emergence. 
t--' 
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Table 4. Effect of emergence date on mean shoot length of western wheatgrass, heavily grazed 
clayey upland, poor range condition . 1/ 
Observation Date 
April 15 
April 30 
May 14 
May 28 
June 11 
June 25 
July 13 
July 22 
August 7 
August 23 
September 6 
September 20 
Main Effect of 
Emergence Date 
April 1-15 
Length Change 
cm cm 
Emergence Date 
May 1- 14 
Length Change 
cm cm 
8. 1 --
10 . 7 2 .6  
12 . 3  1 .6 
13.6 1 . 3. 
14.8 1.2 
14 .6 -0.2 
14.4 -0 . 2  
14.3 -0 . 1  
14.2 -0.1 
13.9 -0 . 3  
13.la --
May 29-June 11 
Length Change 
cm cm 
-- ---- --
10 .8 --
12 .0 1.2 
12.9 0.9 
12.8 -0 . 1  
12 .7  -0 . 1  
12.6 -0. l 
12.3 -0.3 
12 . 1  -0 . 2 
11.4 b 
Main Effect of 
Obser�ation Date 2/ 
Length Change 
cm cm 
7 .2
b 
9. 8 
C 2 .6 
ll .6a b  0 .8 
12.8a 1 . 2  
13.8
a 
1 . 0 
13.7 a -0 . 1  
13.6a -0 . 1  
13.4a -0 .2 
13.2a -0 .2 
13.0a -0. 2 
1/ Values are least squares means. Analysis of variance is shown in Table 15. 
2/ Values with the same superscript in the same row or col'umn do not differ significantly at the 
5% level. Main effects are weighted means including zero values that occurred before emergence. 
1--' 
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Table 5. Effect of emergence date on me an lea
1;
number of western wheatgrass, lightly grazed 
clayey drainage-way, good range condition. 1 
Emergence Date Ma i n Effect of 
April 1-15 May 1-14 May 29-June 11 Observati on Date 2/ 
Leaves Change Leaves Change Le aves Change Le ave·s Change 
Observation Date no. no. no. no. no. no. no. no. 
April 15 1.7 -- -- -- -- -- O. B j 
April 30 2. 2 0.5 -- -- -- - - 1.4� o.6 
May 14 2.5 0. 3 1.5 -- -- - - 2.0 0.6 
May 28 3.7 1. 2 2. 2 0. 7 g 0.9  -- -- 2.9 f June 11 4. 8 1.1 3. 3 1.1 -- -- 4.1 1. 2 
June 25 5.7 0.9 4. 3 1.0 -- -- 5.0e 0.9 
July 13 7.0 1. 3 5. 2 0.9 -- -- 6. 1 d 1.1 
July 22 7.1 0.1 5. 3 0.1 -- -- 6. 2cd 0.1 
August 7 7.2  0.1 5. 4 0.1 -- -- 6 _ 3bcd 0. 1 
August 23 7.6 0. 4 5.6 0. 2 -- -- 6 •6abc 0. 3 
September 6 7.7 0.1 5.7 0.1 -- -- 6. 7 a 0. 1 
September 20 7.7  o. o 5. 8 0.1 -- -- 6.7 a o. o 
Mai n E ff e c t o f · 5.4
a -- 3.7b 
Emergence Date Y 
.1/ Values are least squares means. Analysis of variance is shown in Table 17. 
Y Values with the same superscript do not differ significantly at the 5% level. Main effects 
are weighted means including zero values that occurred before emergence. 
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Table 6. Eff e ct of emergenc e  date on me? 0  leaf number of western wheatgrass, lightly grazed 
clayey upland, good range condition. ll 
Observation Date 
Apri l 15 
Apri l 30 
May 14 
May 28 
June 11 
June 25 
July 13 
July 22 
August 7 
August 23 
September 6 
September 20 
Mai n Effect o f 
Emergence Date 2/ 
April 15 
Leaves Cha nge 
no. 
1.4 
2.0 
2.8 
3.8 
4 .7 
5.5 
6. 6 
6.8 
6.9 
7 . 0 
7. 1 
7.1 
5.la 
no. 
0.6 
0 . 8 
1 . 0 
0.9 
0 . 8 
1.1 
0.2 
0.1 
0.1 
0. 1 
o . o 
Emerge nee Date 
May 1-14 
Leaves Change 
no. 
1.8 
2.7 
3.8 
4.8 
6.1 
6.1 
6.2 
6.4 
6.4 
6.4 
4. 4b 
no. 
0.9  
1.1 
1.-0 
1.3 
o . o  
0. 1 
0. 2 
o . o  
o . o 
May 29-June 11 
Leaves Change 
no. 
3.2 
4. 0 
5.2 
5.2 
5.4 
5.5 
5. 6 
5.6 
3. 6
c 
no. 
0 . 8 
1 . 2 
o . o  
0. 2 
0. 1 
0. 1 
o . o 
Main E f fect o f  
Observation Date Y 
Le aves Change 
no. 
0. 69 
l. 3f 
l .9 e 
2.8d 
3.8
c 
4.8b 
5.9 a 
6.la 
6. la 
6. 3a 
6. 4a 
6.4a 
no. 
0 . 7 
0. 6  
0. 9  
1 . 0 
1 . 0 
1 . 1 
0.2 
o . o 
0. 2 
0. 1 
o . o 
l./ Values are least squares means. Analysis of variance is shown in Table 16. 
1/ Values with the same superscript in the same row or column do not differ significantly at the 
5% level. Main effe cts are weighted me ans including zero values that occurred before emergence. 
I-' w 
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Table 7. Effect of emergence date  on mean leaf number of western whe atgrass, he avily grazed 
clayey upland, poor range condition. 1/ 
Observation Date 
April 15 
April 30 
May 14 
May 28 
June 11 
June 25 
July 13 
July 22 
August 7 
August 23 
September 6 
September 20 
Main Effect of 
Emergence Date 2/ 
April 1-15 
Leaves Change 
no . no . 
-- --
-- ---- ---- ---- ---- ---- --
-- ---- ---- --
Emergence Date 
May 1-14 
Le aves Change 
no. no. 
1 .6 --
2.4  0. 8 
3 .4 1 .0 
3 .9 0.5 
4.8 0.9 
4 .8 o . o  
4.9 0 . 1  
5 .0 0 .1 
5 .0 o . o  
5 .0 o . o  
4. 1 a 
Main Eff ect of 
May 29-June 11 Observation Date 1/ 
Leaves Change Le aves Change 
no. no . no. no . 
-- -- l .4 f 
e 0 . 8 -- -- 2. 2d 2 .4 -- 2 . 9  0 . 7 
3.6 1. 2 C 0 .9 3. 8b 4 . 2  0.6 4 .5 0 . 7  
4.4 0. 2 4 .6 ab 0 .1 
4 .6 0. 2 4.7 a 0 .1 
4.6 o . o  4.8a 0 .1 
4.6 o . o 4. B a o . o 
4 .7 0.1 4 .9 a 0.1 
3.6b 
1./ Va lues are least squares me ans . Analysis of variance is shown in Tab le 17. 
2/ Values with the same superscript in the same row or column do not differ significantly at the 
5% level. Main effects are weighted me ans including zero values that occurred before emergence. 
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Table 8 .  Analyses of variance of the effect of range site and observation date on shoot and leaf 
condition of western wheatgrass, Apri l 1- 15 emergence . 
Mean Squares 
Shoot Condition Leaf Condition 
Green Green Partly 
Source df Damaged Dormant Damaged Dead Dead 
Range Sites ( S) l 114 . 51  1 . 28 13 . 34 23. 23� 18 .60 
Observation Dates ( 0) 11 526 . 37� 355 . 28** 648 . 20H- 26 .80** 4597 .03** 
S X 0 11 56 .87 15.96 115 .  39H- 10. 18** 40 .03 
Residual 48 38 . 25 19 .41  23 .98 1 . 58 27 .53 
** Significant at the 1% level . 
I-' 
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Table 9 .  Analyses of variance of the effect of sampling area and observation date on shoot ard 
leaf condition of western wheatgrass, May 1-14 emergence. 
Source 
Sampling Areas (s) 
Observation Dates (0) 
S X 0 
Residual 
** Significant at the 1% level . 
* Significant at the 5% level . 
df 
2 
9 
18 
60 
Mean Squares 
Shoot Condition Leaf Condition 
Green Green Partly 
Damaged Dormant Damaged Dead Dead 
15 15 . 72** 179 1 .85** 963. 17** 63.77** 233. 35** 
6190 .79� 1839 . 10** 272 .09** 79 . 15** 7886 . 12** 
263 .86* 214 .64* 85. 35** 1 1. 14-ff 1 19 . 30** 
101 .08 78 .50 18 .6 1 3. 37 30 .90 
I--' w 
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Table 10. Effec t of sampling area, emergence date and observation da te on percentage of green 
d amaged western w�e7a tgrass shoots (lightly gra zed drai nage-way, lightly gra zed upl and , heavi ly grazed upland). l/1 
Emergence Date April 1- 15 
Past Grazing Use LigSJ Light 
R ange Site Cy3 Cy 
Drwy Upland 
Range Condition Good Good Me an --
Observation Da te 
April 15 62. 7 79.8 7 1. 2g 
April 30 7 1 . 6  80.0 75 .89f May 14 81. 2  85. 3 83. 2e 
May 28 96.0 98. 7  a 97.4 
b June 11  93. 3 98. 7  96 .0a 
June 25 93. 3 94.6 94.0abc 
July 13 90.7 92.0 9 1.4abcd 
July 22 89 . 3  88.0 88.6cd e 
Augus t 7 88.0 86. 4  87 . 2d e f 
August 23 86.7 86.4  86.6def 
Bl.S f September 6 81.3  82.4 
September 20 79 .7  71.6  75.69 
Mean, April 15-Sept. 20 87.0a 84 .5a --
Mea n, May 14-Sept. 20 -- -- --
Mean, June 11-Sept. 20 -- - - --
May 1-14 May 29-June 1 1  
Light Light Heavy 
Cy Cy Cy 
Drwy Upland Upla nd 
Good Good Poor 
16 . o. 6.7 5. 3 
41. 3 40 . 4  30.7 
92.0 9 1.9 85. 3 
84.0 97. 3 97. 3 
72.0 94.6  87.9  
65. 3  91.9 86.4 
64.7  87.9 79.3 
61.0 85. 2 77. 5 
Light He_avy 
Cy Cy 
Upland Upland 
Mean Good 
9. 3h 
37.5gb 89 .7 a 63. 2 
a 92. 9
bc 85. 2  84.Scd 100.0 81. 2  d 90.6 C e 77. 3de 79.8 74.6 77.9 
Poor 
10. 7 
53. 3  
94.6  
86. 4 
70. 2 
70. 2 e 60.5 81. 2  68.7 70.l
f 
73. 8  64. l 
58.6 75.8 34.8 · 56 .4  64. 2  25 i. l  
7;� 3 a 6��5 c 6;� 3
b 
-- -- -- -- 79.3a 59 .4b 
Mean 
37.0c 
69. 2b 
97. 3a 
88 . 6 a 
b 75.0
b
· 
74.0
b 69.0 
44.6 (; 
1/ Values from e a ch o bservation date are percentage me ans from three replic ations. 
Y Values with the same superscript in the same column or the same row do not differ signific antly 
at th e 5% level. 
2/ Cy = Clayey; Drwy = Drainage-way. 
I-' 
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Table 11. Effe ct of sampling are a, emerg enc e  d ate and observation d ate on perc entag e of dorma nt 
western ����tgrass shoots , lightly grazed drainag e-way, lightly grazed upland, heavily graze d  
upland. l/.Y 
Emerg ence Date 
Past Grazing Use 
Rang e Site 
Rang e Condition 
Observation Date 
April 15 
April 30 
May 14 
May 28 
June 11 
June 25 
July 13 
July 22 
August 7 
August 23 
September 6 
September 20 
Mean, April 15-Sept. 20 
Mean, May 14-Sept. 20 
Mean, June 11-S ept. 20 
April 1- 15 
Lig�t Light 
Cy:V Cy 
Drwy Upland 
Good Good Mean 
o. o 
o. o 
2.7 
4.0 
6.7 
6.7 
9. 3 
10 .7  
12.0 
13. 3 
19.7 
20. 3 
o. o 
o . o 
o. o 
1. 3 
1.3 
5. 4 
8.0 
12.0 
13.6 
13.6 
17.6 
28 .4 
8.8a 8.4a 
o . og 
o .09 
1.49 
2.6fg 
4. ofg 
6.oef 
8.6de 
11.4 cd 
12.B cd 
13.4c 
1 8  .6b 
24.4a 
Light 
Cy 
Drwy 
Good 
o . o . 
2.7 
8.0 
16.0 
28 . o  
34 �7  
35. 3 
39.0 
39.5 
41.4 
24.5a 
May 
Light 
Cy 
Upland 
Good 
o . o  
o . o  
2.7 
2.7 
5 .4 
8. 1 
12. 1 
14.8 
1 8  . 8  
24. 2 
1-14 
He avy 
Cy 
Upland 
Poor 
o.o  
o .o 
o . o  
o . o  
12. 1 
13.6 
20.7 
22.5 
31. 3 
65. 2 
8.9c 16.5b 
Mean 
o . oe 
0.9e 
3.6e 
6. 2e 
15. 2d 
18.8c d 
22. 7 c 
25. 4b c 
29.9b 
43.6 a 
May 29-June 11  
Light Heavy 
Cy Cy 
Upland Upland 
Good Poor Mean 
o . o  
o . o  
o . o 
9.4 
20. 2 
22.l 
26. 2  
35.8 
o . o  
1. 3 
5.4 
13. 4 
29.8  
29.8  
35.9 
74.9 
-- --
b a 14. 2 23.8 
o . od 
0.6d 
2.7d 
11.4c 
25.0b 
26.0b 
31.0b 
55.4a 
1// Values from e ach observation date are perc entage me ans from 2 Values with the same superscript in the same column and the 
at the 5% l evel. 
three replic ations. 
same row do not d iffer signific antly 
J/ Cy = Cl ayey; Drwy = Drainag e-way. 
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Table 12. Effe ct of  range site and obs ervation d ate on percentage of green damaged, partly dead 
and d e ad we stern whe atgra s s  leaves, lightly grazed upl and a nd lightly grazed dra inage-way, 
April 1-15 and May 1-14 emergenc e  pooled. 
Emergenc e  Dates April 1-15 and May 1-14 
P a st Grazing Intensity Light Light Light Light Light Light 
Me an Y Range Site Clayey Clayey Clayey Clayey Clayey Clayey 
Upland Drwy Upland Drwy Upland Upland 
Range Condition Good Good Good Good Good Good 
Shoot Condition � GD GD PD PD D D GD PD D 
Observation Date 
May 14 15.8 17 .7 o . o  o .o 0.8 1.8 16.8a b c  e 1. 3� a. ob d May 28 6. 8 2.8 3. 8 5.0 12 . 2  12. 8 4. 8d 4.4 C 12. 5 
June 11 4. 3 0.4 0.7 1. 2 24.0 30.4  2.4d l.O e 27 . 29 
June 25 2. 2 o .o 1 .4 0.6 27 . 2  35. 4 1.1d e 31 . 39 l.Ocd 
July 13 7.4 21.1 2.5 4. 2 34 .7  43. 2 14. 2bc 3.4 b 
39 .0 
July 22 10.7  16. 2 6 .6 4 . ,9 45.8 50.0 13.4c 5 . B a 47.9 e 
4 _9 a bc 57.7d August 7 15.6 22. 4 5.5 4. 3 58.0 57.4 19.0 b 18.la a 65. 5� -August 23 12. 4  23. 8 8.7 3.9 70. 2 60.8 6 • 3bcd September 6 14.0 20.0 7.0 1.8 74. 2 68. 3 l7 . O abc 4.4
d 
71 . 2  
September 20 14 .4 18 .1 4.1 2. 2 79.4 76.6 16. 2
abc 3. 2 78.0a 
Mean 10 .4 14 . 2  4 .0 2.8 42.6 43.7 
1/ Value s from each obs ervation d ate are percentage me ans from two emergence d ate s and thre e  re-
plications. t Values with the same superscript, in the same column do not differ s ignificantly at the 5% level , 
3 GD = Green dam aged; PD = Partly d ead; D = De ad. 
Table 1 3. Ef fe ct of emerg enc e  d ate and observation d ate on the perc entag es of green d amag ed, 
p artly d e ad, and d e ad western wh e atgrass le aves, lightly . g;razed upland and lightly grazed 
dra inag e-way pooled, April 1- 15 and May 1-14 eme rgence. l! 
Emerg enc e  Date 
Shoot Conditi on 
Observation Date 
April 15 
Apri 1 30 
May 14 
May 28 
June 1 1 
June 25 
July 1 3 
July 22 
August 7 
August 23 
September 6 
September 20 
Mean 'JI 
Green 
Damag ed 
33. 2ay 
30.6a 
30.6a 
6.9d 
3. 4d e  
l.6e 
1 2.9bc 
1 2.6c 
17.6b 
17 .2bc 
17. 2b 
16. 4bc 
16.7 1 
April 1- 15 
Partly 
Dead 
o .od 
o .od 
o . od 
2. 4c 
0.6d 
0.6d 
4.0b 
7.0a 
7. la 
6.6a 
4.0b 
3.7b 
3 . o3 
Dead 
o . oi 
0.6i 
i .o i 
20. B h 
30. 49 
32. 49 
39.0f 
47.9 e 
56.8d 
65.0c 
7 1.3b 
77. 4a 
36.94 
Green 
Damag ed 
b 2. l
b 2. lb 
1 . 3
b 
1 . 3 a 
1 1.9 a 
1 1.l
a 13.9
a 
1 3. 4 
1 1.7 a 
11. 2a 
8.0
2 
May 1- 14 
P artly 
De ad 
a . o f 
6.5 bc 
2. 7 e 
0. 3 f 
3. 2e 
4.7d 
8.5 a 
7.8
a b  
6. 2
c 
2.7 e 
4. 3
3 
l/ Values from each observation date are perc entage means from two emergence dates and thr ee 
Dead 
l.6i 
3.6i 
21 . 9h 
26. 79 
39.3 f 
48.4e 
63.9d 
70. 3c 
75. 8b 
83 . 1  a 
43.54 
repli c ati ons. 
2/ Va lues with the same superscript within each le af condition category d o not di f f er signifi­
cantly at th e 5% l evel.  
J/ Le af condition me ans with the same superscript do not d i f f er signific antly at the 5% l evel. 
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Tabl e 14. Effect of range condition, emergence date, and observation date on percentage of 
gre en damaged western wheatgrass shoots
l/
,��ghtly grazed upland and heavily grazed upland , 
May 1-14 and May 29-June 11 emergence. 9 
Emergence Date May 1-14 
Past Grazing Intensity Light Heavy 
Range S ite C layey C layey 
Upland Upland 
Range Condition Good Poor Mean -
Observation Date 
May 14 6.7 5. 3 6. 0 
May 28 40.4 30.7 35.6  
June 11 91.9 85 . 3  88.6 
June 25 , 97.3 97. 3 97.3 
July 13 94.6 87.9 91. 2 
July 22 91 .9 86.4 89 . 2  
August 7 87.9 79.3 83.6 
August 23 85 . 2  77 .5  81.4 
September 6 81. 2 68.7 75. 0 
September 20 75.8 34.8 55.3 
Mean 75. 33 65 . 3b --
May 29-Jun e 11 
Light Heavy 
Clayey Clayey 
Upland Upl and 
Good Poor Mean 
63. 2 · 10.7 37. 0  
85. 2 53. 3 69. 2 
100. 0 94.6 97.3 
90.6  86.6 88 .6  
79.8 70. 2 75 .0  
77 �9  70. 2 74. 0 
73. 8  64.1 69.0 
64. 2 25.1 44.6 
79.3a 59 .4b 
May 1-14 + May 29-June 11 
Light Heavy 
Clayey Clayey 
Upl and Upland 
Good Poor 
77.6 48. 0 
91 .5  75.3 
97.3 91. 2 
91.2  86.5 
83.8 74. 8 
81.6 73.8 
77. 5 66.4 
70. 0 30.0  
Me an 
62. 8
e 
83.4b c  
94. 2a 
88. 8
b d 79.3 C 
77. ?�d 
72. 0f 50 . 0  
l/ Values from each observation date are percentage means from three replications. 
Y Value s with the same superscript in the same row or the same column do not differ signific antly 
at the 5% l evel. 
I-' 
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Table 15 . Ef fect of range cond ition and observation d ate on percentage of green d amaged, pa;:-tly 
dead and dead western wheatgrass leaves, May 1-14 and May 29-June 11  emergence pooled . l! 
Past Grazing Intensity Light 
Range Site Clayey Upland 
Range Condition Good 
Lea f  Condition ]/ No . of GD PD 
Observation Date 
June 1 1  
June 25 
July 13 
July 22 
August 7 
August 23 
Septembe r 6 
September 20 
Mean 
Leaves % % 
65 1 
781 
939 
954 
963 
977 
984 
987 
1 . 2 
o .6 
8 . 6 
10 . 2  
14 .7  
11 .8 
1;2. 7 
12 .7 
9 . 1 
1.4 
0 . 1  
2 . 3 
6.0 
8.4 
8 .0 
7 .8  
4. 3 
4.8 
Heavy 
Clayey Upland 
Poor 
D 
% 
No . of GD PD 
Leaves % % 
18 .4 580 
22. 2 698 
32 .0 796 
45.4 808 
60.5 822 
7 1.3 807 
74 .6  805 
80.8 805 
0. 6 
2. 1 
4. 3 
5.3 
1 . 2 
1.8 
2. 2 
2. 1 
3 .0 
1 . 6  
3 .8 
5.8 
10.9 
1 1 . 6  
8 .8 
2. 8 
D 
% 
9 . 4 
14.6 
38 .0 
48 .4 
76 . 3  
80.7 
85. 7 
93. 2  
50 . 6  · 2.3 6.0 55 .8 
Mean ']/ 
No . of GD PD 
Leaves % % 
1231 
1479 
1735 
1762 
1785 
1784 
1789 
1792 
0 .9 b 
1 .4b 
6 .4a 
7 .8a 
8 .0a 
6.8a 
7 .4a 
7.0a 
2 . 2cd 
o .8d 
3 .0c 
5.9 b 
9 .6a 
9 .8a 
8. 3a 
3 . 6c 
l/ Values from each observation d ate are percentage means from three replic ations. 
2/ Values with the same superscript do not differ signific antly a t the 5% level . 
]/ GD = Green d amaged ; PD = Partly dead; and D = Dead . 
D 
% 
13 .9 f 
18 .4 f 
35 .o e 
46 .9d 
68.4c 
76 .ob 
80 . 2b 
87 .0a 
.:...., � 
0 
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Table 16. Leaf c lass means and standard deviations for shoot 
length, height and location of the apical meristem , lightl
°
y 
grazed drainage-way, good range condition , May 14 through 
September 6, 1964 . 
Shoot Hei ght Coded 
Sampling No. of No . of Length of Loe . of 
Date Leaves Shoo ts Rep cm SD AM SD AM SD 
May 14 2 10 1 15 .6  2 .0 o .o o.o 1.0 o.o 
10  2 14 .9  1 . 7 o . o o . o L O  o.o 
10 3 16 . 1  2. 2  o .o  o.o 1.0 o. o 
30 X 15 . 5  o.o 1.0 
3 10 1 16 .6 2 .6 o.o o.o LO o . o 
10 2 17 . 4  2. 2  o . o  o.o LO o . o 
10 3 17 . o 1. 2  o . o  o . o LO o .o 
30 17.0 o.o 1 . 0 X 
May 28 3 5 1 21.6 2.7 1 .7 0 . 8  2.6 0. 5 
8 2 22. 0 2. 2  1 . 5  0 .9 2 .6 o. 5 
5 3 · 23 . 8  2 .6 3 . 1  1.6 2.8 0.4 
18 X 22 . 5  2 . 1 2 .7 
4 9 l 26 . 2  2 .9 4 .8 2 . 8 3 . 3 o . 7 
8 2 23 . 8  4 .0 3 .4 1 . 5 3. 2 o . 5  
5 3 21 . 8 4 .4 2 .6 1.7 2.8 0.4 
23 
-
23 .9 3 .6 3. 1 X 
June 1 1  3 2 1 28 .5  2. 1  6 .0 o .5 3 . 0 o . o 
1 2 29 . o 5. 2 4 .0 
3-
3 X 28 . 8  5.6 3.5  
4 24 1 25 .7  4 . 1  5 .8 2 . 1  3.8 o . 5 
26 2 26 . 8  3.0 7 . 1  2.0 4 .0 o.o 
23 3 24 . 3  4.4 6 . 2  2. 1  3.9 0 .1 
73 X 25 .6  6 .4 3.9  
5 14 1 27 .4  4.2 6 .7 3.2 4 .6 Q .5 
1 1  2 29 . 7  3.8 7 . 5 2.4 4.7 0. 5 
15 3 26 . 2  3 .7 9 . 1  2.6  5 .0 o. o 
40 X 27 .8  7 - 8 4 . 8 
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Table 16 continued 
Shoot Height ·Cod ed 
Sampling No . of No . of Length of Loe . of 
Date Leaves Shoots Rep cm SD AM SD AM SD 
June 25 5 25 1 31.6 3.6 11.8 _ 2.5 5. 1 0.4 
16 2 32.4  5.0 13.6  2.5 5.1 0.5 
14 3 32. 8 4.1 14.1 2. 6 5. 3 0 .5 
55 X 32. 3  13. 2 5. 2 
6 15 1 33. 5  4.5 13. 0  2. 3 5. 7  0.5 
23 ' 2  38.9 5. 2 17.8 4.1 6.0 O o5 
23 3 34. 8 4.5 14.5 3. 2 5.8 0.4 
61 
-
X 35.7 15. 1 5.8 
July 13 5 3 1 30.7 2.1 14.9 1.7 5.0 o . o  
2 
2 3 28.5  0. 7 1 1. 2  1 .0  5.5 0. 7 
5 X 29.6  13.0 5. 2 
6 26 1 36. 3 5.9 16. 2 2.7 6. 0 0. 2 
24 2 36. 2 5 .6 20. 2 3.8 6.0 o . o  
19 3 33.1 4. 1 15. 6 2.6 6. 1 0. 2 
69 X 35. 2 17 . 3  6. 0 
7 21 1 42. 1 5.4 19.9 3.6 7. 0 0. 2 
24 2 40. 8 5. 3 22. 3 3.1 7. 0 0. 2 
28 3 39.7 4.4 21.0  3.9 6. 8 0.4 
73  X 40.9 21.1 6. 9 
July 22 6 3 1 41. 7 4. 0 21 . 3  2.5 6. 0 o . o 
4 2 32. 2 2.9 19.1 1.4 6. 0 o . o  
4 3 43.0 1. 1 22.0 0.9 6. 0  o . o  
1 1  X 40.0 20. 8 6. 0 
--
7 25 1 38. 2 4.7 19.8 3.5 7.1 0.4 
26 2 42. 3 5. 3 24 . 7  3. 7 7 . 0  0.4 
26 3 41.0 5. 8 23 . 1  5 . 8 7. 0 o . o  
77 X 40.5 22.5 7. 0 
8 11  1 47.8 5.1 27 .6  3. 7 8.0 o . o  
10 2 49 .7  5.0 28.5 3.1 7. 8 0.4 
10 3 43. 3 3.5 26.7 2. 7 8.0 o . o  
31  X 46. 9 27 .6 7 . 9 
1 43 
Tab le  16  continued 
Shoot Height Coded 
Sampling No . of No . of Le ngth of Lo e . of 
Date Leaves Shoots Rep cm SD AM SD AM SD 
August 7 7 29 1 40 . 0 4 . 5 22 . 5 3 . 5 7 . 0 0 . 5 
29 2 37 .9 4 . 7 24 . 6 4 . 0 7 . 0 o . o 
30 3 37 . 6  5 . 5 22 . 8 4 . 2 7 . 0 0 . 3 
88 X 38 . 5  23 . 3  7 . 0 
8 30 1 44 . 5 4 . 0 27 . 8  3 . 2 7 . 8 0 . 4 
30 2 43 .9 4 . 4 2tL O 2 . 8 8 . 0 0 . 4 
30 3 4 1 . 5  4 . 5 28 . o  4 . 2 7 .9 o . 3 
90 X 43 . 3  27 .9. 7 . 9 
August 23 8 30 1 38 . 4 5 . 6 22 . 3 5 . 0 7 . 6 o . 6 
30 2 39 . 8 4 . 2 24 . 3  3 . 2 7 . 6 0 . 5 
30 3 38 . 6 4 .4 24 . 4 4 . 1  7 . 7 0 . 5 
90 X 38 .9 23 .7  7 . 6 
9 30 l 42 . 1  3 .7 25 . 4  3 . 2 7 .9 o . 6 
30 2 43 . 5  3 � 4 29 . 6 3 . 6 8 . 2  0 . 4 
30 3 4 1 . 4  4 . 5 27 . 1  4 . 2 8 .0 0 . 4 
90  X 42 . 3  27 . 4  8 . 0 
September 6 8 30 1 39 . 3  3 . 3  24 . 4  2 .8 7 . 3 o . 5 
30 2 40 . 8 3 . 1 26 . 4  2 . 1  7 . 8 0 . 4 
30 3 40 . 6 4 . 8 24 . 6 2 . 8 7 . 8 0 . 4 
90 
X 
40 . 2 25 . l  7 . 6 
9 30 1 4 1 . 9  3 . 8 27 . 3  3 . 2 8 . 0 o . 5 
30 2 42 . 6 3 . 5 28 . 7 2 .9 8 . 3 0 . 5 
1 5  3 40 .8 5 . 2 26 . 5 2 . 4 8 . 3 0 . 5 -
7 5  X 4 1 . 8  27 . 5  8 . 2 
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Table 17 . Leaf class means and standard deviations for shoot 
length, height and location of the apical meristem, lightly 
grazed upland , good range condition , May 14 through September 
6, 1964 . 
Shoot Height Coded 
Sampling No . of No . of Length of Loe . of 
Date Leaves Shoots Rep cm SD AM SD AM SD 
May 14 2 10 1 14 .8 1 . 6 o . o o . o 1 .0 o .o 
10 2 16 . 1  2. 2 o .o o .o 1.0 o .o 
10 3 15 . 2  2 . 2 o . o o .o 1.0 o . o 
30 X 15 .4  o .o LO 
May 28 3 10 1 15 .4  2.9 o .o o . o 1 .0 o . o 
10 2 21 .0  6. 3 o .o o . o 1 .0 o . o 
10 3 - 17 . 2  1.9 o .o o .o 1 .0 o .o 
30 X 17 .9 o .o 1 . 0 
4 8 1 22 .8  3 . 7 . 2. 0 0.8  2.8 0 . 5 
8 2 22 .9 3.4 2 . 1  1. 2 2.8 0 .5  
10 3 20 . 6  2 . 2  2.0 1.0 2. 6 0 .5 
26 X 22 . 1  2. 0 2 .7 
June 1 1  3 9 1 20 . 2  4 . 0 1 .9 1 . 0 2 .8 0 . 5 
8 2 22 .5 1 . 2 1 .9 1 . 1  2.8 0 .5 
10 3 22 .5 2 . 8  3 . 3  1.7 3 . 3 0 .7 
27 X 21 . 7  2 . 4 3. 0 
4 2 1 15 .5 0 . 7  2.9 1 .7 3 . 0 o .o 
2 2 15 .5  2 .  l 2 . 6  2. 1 3 . 0 o . o 
8 3 17 .4  2 .4 2. 2 0.7 2 .9 0 .4 
12 X 16 . 1  2. 6 3.0 
5 3 1  1 20 .8 3 .5 4 . 3 1 . 3 3 .9 0 . 4  
34 2 19 .4 3.5 4 . 2  1 . 6 3 .7 0 . 5  
25 3 19 . 6  3.9 3 . 6 1 . 3 3.9 0 .5 -
90 X 19 .9 4 .0 3 .8 
14 1 25 . 6  5 .9 6 . 0  2. 2 4 .7 0 .6 
14 2 24 .4 2 .9 7 .0 1 .7 4 .6 0 .5 
16 3 21 . 6  4 . 6  4 .6 1. 6 4 .4 0 . 5  -
44 X 23 .9 5 .9 5 .9 4 .6 
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Tab l e  17 conti nued 
Shoo t Height Cod ed 
Samp li ng No . o f  No . o f  Leng th o f  Lo e .  o f  
Da te Leave s Shoo ts Rep cm SD AM SD AM SD 
June 25 5 16 1 27.3  4.1 9 .1 1.9 4 .9 0.3 
13 2 29.3  2.8 10.4 1.6 5. 2 0. 4 
16 3 27 .9 6. 5 7.9 1.8 4.8 0. 4 
45 x - 28. 2 9.1 5.0 
6 21 1 32. 7 5.4 12.0 2.7 5.8 0.4  
24 2 36.3 4 .8  14.4 3.7 5.8 0. 5 
21 3 33. 5 5. 5 11.9 3.6 6.0 0. 5 
66 X 34. 2 12.8 . 5.9 
7 2 1 39.0 1.4 15.0 0.6 6.0 o.o 
1 2 43.0 18 . 2  6.0 
3 . -3 X 41.0 16.6 6.0 
Ju ly 13 5 15 1 24. 2 3.3 9 •.9 1.7 4.8 0. 4 16 2 25.4 3 � 8  10 .9 1.8 4.9 0. 2 
15 3 23. 5 4. 2 7.7 2. 2 4.8 0.4 
46 x 24.4 9.4 4.8 
6 32 1 30.4  4.9 12.6 2.7 5.9 0.4 
27 2 31 .5 4.7 14.Q 2.1 5.7 0.4 
24 3 30.8 5.1 11.6 3.4 5.8 0.4 
83 
-
X 30.9 12.7 5.8 
7 15 1 31. 5 4. 2 14.4 2. 4 6.6 0.4 
13 2 36.6 5.8 16. 5 3. 4 6. 5 0.7 
16 3 35 .8 4.7 15.6 2.9 6.8 0. 4 i ' -44 X 34.6 15. 5 6 .6 
Ju ly 22 5 4 1 � -5 4 .0 12. 0 2. 2 5.8 0. 5 
3 2 30. 0 7.8 13. 2  2. 2 5.0 o.o 
3 3 27 .7  2.1 10.7 2.7 5. 0 o .o 
10  X.. 28 .7 12.0 5 .3 
6 18 1 25. 4 4.7 11.6 3.0 5.8 0. 5 
25 2 29.6 4.1 13.3 2.6 6 .o 0. 3 
25 3 29.4 5.0 11.7 2. 7 5.9 0.3 
58 X 28. l 12 • . 2 5.9 
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Table 17 continued 
Shoot Height Coded 
Sampling No. of  No . of Length of Lo c .  of 
Date Leaves Shoots Rep cm SD AM SD AM SD 
July 22 7 23 1 30. l 5.8 14 .7 3.8 6.5 0. 7 
(cont ' d) 21 2 34. 4 4.0 16.6 2. 7 6.7 0.5 
19 3 36. 3  3.7 16 .7  3.1 6.7 0. 5 
63 X 33 .6  15.9 6.6 
8 12 1 38.6 1.6 21. 2 2.1 7 .7 0 . 5  
1 1  2 34.5 3.1 15.6  2.0 7 .0 0 .8 
12 3 39.0 2.1 19 . 2  1. 5 7.7  0 . 5 
35 X 37. 4  18.7 7 . 5 
August 7 7 30 1 28 .9 2.8 13.9 2.0 6 .8 0.4 
30 2 29.8 3.9 14.9 3. 5 6.8 0.4 
30 3 . 31. 2 3. 4 13.6 2.1 6.8 0. 4 
90 x 30.0 14.1 6.8 
8 30 1 35. l 6 .0 18 .1  3 . 8 7.7  0.5 
30 2 37.4  4.5 21.4 3. 3 7.8 0.4 
30 3 38. 7 4. 2 18. 8 2.6 8.0 0. 2 
90 x 37. l  19 .4 7 .8  
August 23 7 30 1 30.6 4 . 3  15. 5 2. 3 6.9 0. 4 
30 2 29 . 5  3.7 14. 3 1 .8 6.8 0 .4 
30 3 30. l 4.4 13.0 2.1 6.9 0. 4 
90 
-
30. l 14. 3 6.9 X 
8 30 1 37.5  4 . 3  19 . 3  2. 4 7.9  0. 3  
30 2 36.5 3.8 19. 1 2.0 7.7  0. 5 
30 3 36.5 3.6 17 . 5  2. 7 7.6 0.5 
90 
-
39. 8 18 .6 7 .7  X 
September 6 7 30 1 31 . 3  4 . 4 15.1 2. 2 6.9 0. 3 
30 2 31.4 4 .6 15.6 2.9 7 .0 0. 3 
29 3 30. 2 3.1 14 .6 2. 3 6.9 0. 3 -
89 X 31.0 15.l 6 .9 
8 30 1 36. 3 3.6 19.4 2 . 5  7.9  0. 3 
30 2 37.6 4 .0 19. 3  2.7 7 .6 0.5 
30 3 37.4 4 . 9  18 . 3  3.6 7.6 0. 5 
90 X 37.l 19.0 7.7 
f 
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Table 18 . Leaf class means and standard deviations · for shoot le.ngth, 
height and location of the apical meristem, heavily grazed upland, 
poor range condition, May 14 through September 6, 1964. 
Shoot Height Coded 
Sampling No . 0, f No . of Length of Loe . of 
Date Leaves Shoots Rep cm SD AM SD AM SD 
May 14 2 10 l 13.7 1. 2 o . o o . o 1.0 o . o 
1 0  2 12.8  1.5 o . o  o . o 1.0 o .o 
10 3 12.6 2.0 o . o  o . o 1 . 0 o . o 
30 X 13.0 o . o  1 .0 
May 28 2 10  1 15.6 1.9 o . o o . o  1 . 0 o . o 
10 2 13 . 1  1. 4  o . o  o . o 1.0 o . o 
10 3 15. 2 3. 2 o . o o . o 1.0 o . o 
30 
-
14.6 o . o 1 .0 X 
3 10 1 18 .7 2.4 o .o o . o  1 . 0 o .o 
8 2 16 .0  1.6 o .o o . o  L O  o .o 
8 3 19 . 1  3. 1 o .o o . o  1 .0 o .o 
26 
-
X 17.9 o .o 1.0 
June 11 3 2 l 13 . 5  2. 1 1 .0 0.6 2.5 0.7 
12 2 15 . 2  1 .6 0.9 0.6 2.5 0. 5 
12 3 15 . 1  2.8 0.8 0.7 2.5 0.7 
26 X 14 .6 0.9 2. 5 
4 9 1 16 . 3  1 . 3 1. 5 1.0 2.6 0. 5 
8 2 15.6 2 . 3  1.0 LO 2. 8 0.9 
10 3 15.8  3 .0 1.5 0.8 3. 3 0.7 -
27 X 15 .9  1 . 2  2.9 
June 25 3 1 1 15 .0 2 . 4  3.0 
2 2 14. 5 0 .7 0.6 0. 3 2. 5 0.7 
2 3 14.0 1 .5 3. 0 -
5 X 14 .5  1.5 2.8 
4 21  1 15 . 5  2 . 8 2 .6 1. 1 3. 4 0 . 7 
20 2 17. 2  3. 3 2 .4  1 .0 3. 2 0.7 
20 3 17 .9 3.9 3 .0  1 .4 3.6 0.6  
61  
-
16 .9 2.7 3.4 X 
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Table 18 continued 
Shoot Height Coded 
Sampling No. of No . of Length of Loe . of 
Date Leaves Shoots Rep cm SD AM SD AM SD 
June 25 5 16 1 19 .9  2.8 4.9 1 . 5 4. 2 0 . 4  
(cont ' d) 12 2 18 . 1  1.9 3 .6 1 .0 4 . 1  0 . 5 
14 3 20. 7 3 . 1  4 . 1  1 .0 4. 1 0 . 3  
42 X 19.6 4 . 2 4 . 1  
July 13 4 5 1 18 . 2  2.9 3 . 3 1.9 3 .4 0 . 9  
1 2 15 .0  2 .8 3.0 
5 3 18.8 2. 2 4.8 0 .8  3 . 8 0 . 4  -
1 1  X 17. 3  3.6 3.4 
5 19 l 18 .4  2.4 4 .0 1 . 4 4 .4 0 .9 
18 2 18 .9  2.8 4.9 1 . 2  4.4 0 .6 
21 3 23 . 5  2 .6 6 .0 1 .0 4 . 5 0 .6 -
58 X 20 . 3  5 .0 4 .4 
6 16 1 21.7 2 . 5  6 . 3 1.6 5. 2 0.5 
17 2 22.4 2 .4 5 . 9 1 . 4 4 .8 0.4 
14 3 26 .6 6.5 8. 2 1. 7 5. 1 0 . 3 -
47 X 23 .6 6.8 5.0 
July 22 4 3 1 18. 7 0.6 3 .9 0 . 8  3 .0 o . o 
3 2 16 . 7  0 .6 3. 4 0 .4 3 . 0 
1 0  3 17.4  1 . 2 3.9 0 . 7  3.6 0 . 5 
16 
-
17 .6  3 . 7 3. 2 X 
5 19 1 19 .l  2 . 5  5 . 7 1.6 4.6 0 . 5 
19 2 19 .0  2 . 3  5 . 2  1 . 3 4. 2 0.4 
13 3 19 . 2  2. 3 4.6 1 . 3  4. 2 0 .4 -
5 1  X 19 . 1  5. 2 4. 3 
6 17 1 21 . 4  3 . 5 7 . 1  1.8 5. 2 0. 5 
15 2 20 . 3  1.8 6 .6 1 .5 5 . 1  0. 5 
14 3 24 . 3  3.6 7.6 0.9 5 . 7 0 . 5  
46 X 22.0 7. 1 5. 3 
August 7 5 30 1 16 .6 2 . 1 5.0 1 . 3 4 .9 0. 3 
29 2 17 . 2  2 . 3  4 .4 0 . 8 4 .9 0 .4 
30 3 16 . 8  1.8 5 . 5 1. 2 5 . 0 
89 X 16 .9  5 .0 4 . 9 
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Table 18 continued 
Shoot Height Coded 
Sampling No . of No. of Length of Lo e .  of 
Date Leaves Shoots Rep cm SD AM SD AM SD 
August 7 6 30 1 20 .9 2 .5 6 .9 1 . 3  5.6 0 .5 
(cont ' d) 30 2 2 . 14 2 .6 6 .6 1 . 7 5 . 3  0 . 4  
29 3 21 . 3 2 . 8  7 .1 1 .6 5 . 6 0 . 5 
89 X 21 . 2  6 .9 5 .5 
August 23 5 . 30 1 16 .5 2.0 5 .1 1 . 2  4.8 0. 4 
30 2 16. 9  1 .8 4 . 8  1 . 2 4 .7 0 . 4 
30 3 16 .0  1.4 4 . 0  1 . 3 4.8 0 .4 
90 X 16 .5 4 .6 . 4.8 
6 30 1 20.5 3.0 7 .0 1 .6 5 .8 0 . 4 
30 2 21. 4  3 . 3  6 .4 1 . 4  5 .6 0 .6 
30 3 20.8 2 .8 7 .1 1 .5 5.8 0 .5 
90 X 20 .9  6 .8 5.7 
September 6 5 30 1 16 . 4  1 .4 4 .9  1 .2 5 .0 0. 2 
30 2 17 . 1  LB 4. 7 1 .1 4.8 0 . 4 
30 3 16. 9  1 .5 4 .6 1 .0 4 .9 0 . 3 
90 X 16 . 8  4 . 7  4 .9 
6 30 1 19 .8  2 . 2 7 . 3 1 . 4 5 . 7 0 .5 
30 2 20 .6  2 . 7  7 . 1  1 .4 5 . 4  0 .5 
29 3 20.5 2 . 8  6 .9 1. 1  5.4 0 . 5  
89 X 20. 3 7 . 1  5.5 
